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Friday, June 24

OPENING
R. Micnas, A. Jezierski

1.1 STRONGLY CORRELATED ELECTRONS
Chairmen: R. Micnas, A. Jezierski

W.METZNER Max-Planck-Institut fiir Festkorperforschung,
Stuttgart, Germany
Magnetic and superconducting correlations in the 2D Hubbard model

B.R. BULKA Institute of Molecular Physics,
Polish Academy of Sciences, Poznan, Poland
Correlations in electronic transport through nanostructures

P. HORSCH Max-Planck-Institut fiir Festkorperforschung,
Stuttgart, Germany
Magnetism and charge response in quasi-1d Wigner lattice compounds

B. DABROWSKI Physics Department, Northern Illinois University,
DeKalb, USA
Magnetic properties of nonstoichiometric and substituted SrRuQO;

coffee break

1.2 MOSTLY MAGNETIC NANOSTRUCTURES
Chairman: J. Baszynski

G. BAYREUTHER Institut fiir Experimentelle und Angewandte Physik,
Universitdt Regensburg, Regensburg, Germany
Ground state properties and spin excitations in ferromagnetic nanostructures

A. EHRESMANN Fachbereich Naturwissenschaften, Universitit Kassel,
Kassel, Germany

In-plane magnetic micro- and nanopatterns: fundamentals, applications,

and possibilities

A. MAZIEWSKI Institute of Experimental Physics, University of Biatystok,
Bialystok, Poland

New spin configurations in nano-sized magnets near reorientation phase
transitions
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M. MIGLIERINI Department of Nuclear Physics and Technology,
Slovak University of Technology,
Bratislava, Slovakia

Magnetic microstructure of NANOPERM-type nanocrystalline alloys

lunch break

ORAL SESSIONS
O1 Chairman: K.I. Wysokinski
(O-1-15, O-1-07, O-1-03, O-1-09, O-1-12, O-1-14)

02 Chairman: A. Slebarski
(0-4-05, 0-2-04, 0-2-08, 0-2-09, O-3-01)

coffee break

POSTER SESSION I (categories 2, 6, 7)
WELCOME PARTY

TRANSPORTATION TO HOTEL
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Saturday, June 25

1.3 HIGH TEMPERATURE SUPERCONDUCTORS
Chairman: S. Robaszkiewicz

K. MAKI Department of Physics and Astronomy,
University of Southern California, Los Angeles, USA
D-wave density waves in high T, cuprates and CeColn;

C. DI CASTRO Dipartimento di Fisica, Universita' di Roma

"La Sapienza", and Istituto Nazionale per

la Fisica della Materia, Rome, Italy
Charge-ordering fluctuations and anomalous Raman response in cuprates

S. MAEKAWA Institute for Materials Research, Tohoku University,
Sendai, Japan

Spin-charge separation and non-linear optical response in one-dimensional

cuprates

D. POILBLANC Laboratoire de Physique Théorique,
Université Paul Sabatier and CNRS,
Toulouse, France

Doped 2D frustrated quantum magnets: spin-charge separation and

non-conventional superconductivity

coffee break

1.4 MOSTLY MAGNETIC PROPERTIES
Chairman: H. Szymczak

K. DORR Leibniz-Institut fiir Festkorper- und Werkstoffforschung Dresden
Dresden, Germany
Magnetism in manganites and manganite-titanate biferroics

S.BLUGEL Institut fiir Festkorperforschung,
Forschungszentrum Jiilich, Jiilich, Germany
Magnetic tunneljunctions made from half-metals

H. EBERT  Department Chemistry/Physical Chemistry,
Ludwig-Maximilians-University of Munich, Munich, Germany
Relativistic and correlation effects in magnetic solids

R. WIESENDANGER Institute of Applied Physics and Microstructure
Advanced Research Center Hamburg (MARCH),
University of Hamburg, Hamburg, Germany
Physics of nanomagnetism revealed by spin-polarized scanning tunneling
spectroscopy

lunch break
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Sunday, June 26

1.5 MOSTLY DILUTED MAGNETIC SEMICONDUCTORS,
SPINTRONICS AND MIXED VALENCE
Chairman: S. Krompiewski

T. DIETL Institute of Physics, Polish Academy of Sciences,
Warsaw, Poland
Carrier-controlled ferromagnetic semiconductors

B.L. GALLAGHER School of Physics and Astronomy,
University of Nottingham, Nottingham, UK
GaMnAs materials and nanoscale devices

P. DEDERICHS Institut fiir Festkorperforschung,
Forschungszentrum Jiilich, Jiilich, Germany
Percolation effects in dilute magnetic semiconductors

P. WACHTER Laboratorium fiir Festkorperphysik, ETH Ziirich,
Zirich, Switzerland
Superfluidity in condensed excitons below 20 K

coffee break

ORAL SESSIONS
05 Chairman: A.M. Ole$
(O-1-13, 0-7-02, O-7-01, O-2-14, 0-6-02, O-2-13, O-3-02)

06 Chairman: Z. Jacyna-Onyszkiewicz
(0-6-01, O-3-03, 0-3-06, O-1-10, O-2-01, 0-4-01, O-4-02)
lunch break

POSTER SESSION II (categories: 1, 3, 4, 5)

FREE TIME

IX
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Monday, June 27

1.6 SPIN DEPENDENT TRANSPORT, MAGNETIC JUNCTIONS
AND MAGNETIC LAYERS
Chairman: J. Barna$

A. FERT Unité Mixte de Physique CNRS-Thomson CSF, Orsay, France
Magnetization reversal by injection and transfer of spin:
experiments and theory

S. YUASA National Institute of Advanced Industrial Science and
Technology (AIST) Tsukuba, Japan
and PRESTO, Japan Science and Technology Agency (JST),
Saitama, Japan.

Giant room-temperature TMR effect in magnetic tunnel junctions with

MgO(001) tunnel barrier

B. HILLEBRANDS Fachbereich Physik, Technische Universitdt Kaiserslautern,
Kaiserslautern, Germany

Propagation, tunneling and phase shift of spin waves at a magnetic field

inhomogeneity

H. PUSZKARSKI Institute of Physics, A. Mickiewicz University,
Poznan, Poland
Magnetic excitations in magnonic crystals and in small magnetic particles

coffee break

1.7 LOW DIMENSIONAL MAGNETISM
Chairman: L. Kowalewski

R.K. KREMER Max-Planck-Institut fiir Festkdrperforschung,
Stuttgart, Germany
Frustrated antiferromagnetic quantum chain systems

J. SZNAJD W. Trzebiatowski Institute for Low Temperature and
Structure Research, Polish Academy of Sciences,
Wroctaw, Poland

Renormalization group approach to weakly interacting spin and Fermion

chains

ORAL SESSION (0-4-04, O-1-02, O-1-04)

lunch break
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1.8 MOSTLY HEAVY FERMION SYSTEMS
Chairman: R. Tro¢

F. STEGLICH Max-Planck Institute for Chemical Physics of Solids,
Dresden, Germany

Unconventional forms of superconductivity and quantum criticality in

heavy-electron metals

J.SPALEK M. Smoluchowski Institute of Physics,
Jagiellonian University, Krakow, Poland
Magnetic properties of almost localized Fermions - revisited
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A.F. Andreev
P.L.Kapitza Institute for Physical Problems, Moscow, Russia



Ground state properties and spin excitations in ferromagnetic nanostructures.

G. Bayreuther
Institut fur Experimentelle und Angewandte Physik
Universitat Regensburg
D-93040 Regensburg, Germany

The confinement of electrons in one or more dimensions of space in ferromag-
netic nanostructures has pronounced consequences for most magnetic proper-
ties. The reason is the cooperative or collective nature of ferromagnetism which
implies a fundamental influence of the coordination and of local symmetry. On
the other hand, with the shrinking dimensions of devices like high density
magnetic memories the related phenomena become technologically more and
more relevant. In this presentation experimental results on epitaxial ultrathin
films and nanostructures are discussed on the following aspects:

enhanced ground state magnetic moments
interface magnetic anisotropies
spin excitations and phase transitions.

Characteristic changes are observed when the transition is made from bulk ma-
terial to ultrathin films in the monolayer range and from extended films to arti-
ficially patterned dot arrays with sub-micrometer dot diameter. In particular,
the magneto-crystalline anisotropy at an interface is affected by the reduced
symmetry and coordination. In addition to the well-known out-of-plane surface
anisotropy an in-plane interface anisotropy is found which shows a universal
behavior and has the opposite sign compared to the respective volume anisot-
ropy. It is demonstrated that this effect is exclusively determined by the specific
lattice symmetry (bcc or fcc).

Finally, it is shown that reduced dimensions significantly alter the spectrum and
energies of spin excitations. Especially, continuously enhanced thermal spin
excitations and a lowering of the Curie temperature, Tc, are observed when the
film thickness is reduced to a few atomic layers and when a continuous film is
patterned into circular dots with decreasing diameter. The effect of magnetic
anisotropies on spin wave excitations and on Tc predicted by theory is dis-
cussed with respect to second order (uniaxial) and fourth order anisotropies.



Magnetic tunneljunctions made from half-metals

Stefan Bliigel
IFF, Forschungszentrum Jiilich, D-52425 Jiilich, Germany

Half-metallic ferromagnets are ferromagnetic materials showing, in the ideal case, 100%
spin polarization at the Fermi level Er, due to a metallic density of states in one spin
direction (usually majority spin) combined with a band gap in the other spin direction
(usually minority spin). In principle, half-metallic ferromagnets are ideal spin injectors
and detectors, because under moderate voltage they can carry current in only one spin
direction. Therefore, they also constitute ideal components for tunneling magnetoresis-
tant (TMR) devices, with two half-metallic leads sandwiching a nonmagnetic semicon-
ducting or insulating spacer. On the other hand, the tunneling current in these TMR
devices is very small so that the conventional interpretation in terms of a Landauer-
Biittiker picture of ideal interfaces are bound to fail. In this talk we emphasize that
interface states at the interfaces of tunneljunctions can have severe implications on the
tunnel-magnetoresistance ratio. We propose an antiferromagnetically coupled TMR ele-
ment made of half-metals without interface state based on an a prior: understanding of
the exchange interactions in such systems, as a paradigm of materials design from first
principles.



CORRELATIONS IN ELECTRONIC TRANSPORT THROUGH
NANOSTRUCTURES

B.R. Bulka'!, T. Kostyrko? and P. Stefanski’
! Institute of Molecular Physics, Polish Academy of Sciences,
ul. M. Smoluchowskiego 17, 60-179 Poznan, Poland
2 Institute of Physics, A. Mickiewicz University,
ul. Umultowska 85, 61-614 Poznan, Poland

In devices of a nanoscale two phenomena play crucial role in electronic transport: coher-
ent transmission and electronic correlations. Some recent results of coherent transport in
a presence of strong electron correlations are presented. In particular we are interested in
many-body effects, as the Kondo resonance. As an example a system with two quantum
dots connected in series is considered, for which all many-electron correlation functions
are determined for an arbitrary number of electrons. The studies predict a new feature
in transport resulting from transmission through a triplet state, which can be activated
for larger source-drain voltages. An analysis of the spin-spin correlation function allows
an insight into formation of the total spin and its influence on transport. The quantum
interference effect is also seen in the conductance through the double quantum dot. For
a large quantum dot one can expect a discrete set of pointer states, which make condi-
tions for the Fano resonance. Our theoretical results for the conductance are in good
agreement with experimental measurements on semi-open quantum dots.



Charge-ordering fluctuations and anomalous Raman response in
Cuprates

C. Di Castro
Dipartimento di Fisica, Universita’ di Roma ”La Sapienza”,
and Istituto Nazionale per la Fisica della Materia
Piazzale Aldo Moro 2, I-00185 Roma, Italy

The stripe quantum critical point theory for high 7T, superconductors was shown to imply
various pseudogap-formation-temperatures with soft and hard pseudogaps, scaling form
for optical conductivity and an anomalous isotope effect. We point out here that there
is a direct contribution of charge collective fluctuations to the Raman spectra, which
becomes a nice probe of the theory. We find that the critical charge collective modes
can or cannot be excited depending on the direction of their wavevector and on the
polarization of the incoming and outgoing photons. This provides a direct confirmation
that the order associated to the quantum critical point near optimal doping of Cuprates
occurs at finite wavevectors.



Magnetic Properties of Nonstoichiometric and Substituted SrRuO;

B. Dgbrowski
Physics Department, Northern lllinois University, DeKalb, IL 60115, USA

SrRuOs3 has been known for half a century as a strongly-correlated ferromagnetic metal
and proposed for use as an electrode material in micro- and nano-electronic circuits. We
have discovered that annealing of stoichiometric SrRuO; perovskites in high-pressure oxygen
produces SrRu,.,O3 compounds with vacancies on the Ru-sites. The creation of Ru vacancies
rapidly suppresses ordered moment per Ru from 1.6 to 0.8 ug and the ferromagnetic ordering
temperature, T¢, from 163 K to 45 K with increase of v = 0.09, whereas the resistivity increases.
Subtle structural changes that accompany creation of Ru-site vacancies are different from the
typical properties of transition metal perovskites, for which an increased formal oxidation state of
the B-site cations normally leads to decreased B-O interatomic distances and contraction of the
unit cell volume. The reduced charge screening caused by the Ru-vacancies offsets expected
decrease of the average interatomic distance Ru-O and rotation of the RuOg octahedra as Sr
atoms relax toward Ru-vacancies increases observed volume. Local probes of Ru with XANES,
NMR, and EELS find no valence change while isomer shifts of **Ru from Mossbauer
experiments reveal a small change from +4 toward +5 as the T decreases.

By using “design rules” of the synthesis and magnetic interactions for perovskites we
have established that Cr substitution into Ru site of SrRuO; increases T. to 188 K at the
solubility limit 0f12%. The **Cr and **'°'Ru NMR studies reveal that the electronic configurations
of Cr and Ru are 3d® (t,°") and 4d* (to,>'™), respectively. Compared with SrRuQs, the spin-down
electron in Ru 4d shell is more itinerant in SrRugg7sCrg 12503 which is consistent with a
broadened conduction band and a possible minority band Cr(d*)-0*-Ru(d*) double-exchange-
like interaction. The exchange interaction involves the Cr** into the ferromagnetic ordering and
enhances the ordering temperature. This picture is supported by a steady decrease of the
ordered moment per Ru/Cr.

Neutron powder diffraction analysis revealed that below T, = 163 K the b and c lattice
parameters and the unit cell volume are virtually temperature independent for the stoichiometric
material. We show that this previously reported invar-effect below the ferromagnetic ordering
temperature originates from freezing of the octahedral tilting about the [001] axis. The invar-
effect is much less pronounced in the Ru-deficient samples with decreased T, ‘s = 135 K and 82
K. We show that the invar-effect gradually disappears also for the Cr-substituted samples with
increased T, ‘s.

Supported by the NSF-DMR-0302617 and by the US Department of Education

This research was conducted in collaboration with O. Chmaissem, S. Kolesnik, P.W. Klamut, S.
Mini, Y. Ito, M. Maxwell, J. Mais, and T. Maxwell, Physics Department, Northern lllinois
University, DeKalb, IL 60115, USA; J.D. Jorgensen, M. Avdeev, P. Barnes, and S. Short,
Materials Science Division, Argonne National Laboratory, Argonne, IL 60439, USA; Z.H. Han,
J.I. Budnick, and W.A. Hines, Department of Physics, University of Connecticut, Storrs, CT
06269, USA; M. De Marco, D. Coffey, and R. Heary, Physics Department, Buffalo State
College, Buffalo, New York 14222, USA; S. Toorongian and M. Haka, Nuclear Medicine
Department, State University of New York, Buffalo 14260, USA.



PERCOLATION EFFECTS IN DILUTE MAGNETIC
SEMICONDUCTORS

Peter H. Dederichs*, K. Sato** and H. Katayama-Yoshida **
*Research Center Jiilich, Germany, **Osaka University, Japan

We discuss the origine of ferromagnetism in dilute magnetic semiconductors with wide
band-gaps such as (Ga,Mn)N or (Zn,Cr)Te as compared to the ferromagnetism in sys-
tems like (Ga,Mn)As or (In,Mn)As. While in the later case, the ferromagnetism is
caused by Zener’s p-d exchange, in systems like (Ga,Mn)N and (Zn,Cr)Te the main in-
teraction is Zener’s double exchange. The electronic structure calculations are performed
by using the KKR-Green function method in connection with the CPA to describe the
substitutional disorder of the transition metal atoms. We use both the local density
approximation (LDA) and the LDA+U method to describe correlation effects. The ex-
change interaction constants Jij between two magnetic ions are calculated by embedding
the two ions i and j into an effective CPA-medium. The Curie temperatures are calcu-
lated from the Heisenberg model by Monte Carlo simulations using Binder’s cumulant
method. The general trend for impurity band systems is, that the exchange interac-
tions Jij are very strong, but short ranged. Therefore the interaction is dominated by
a strong nearest neighbour interaction. This has important consequences. For instance,
in dilute systems percolation of the strong nn interactions cannot be achieved, since the
concentrations are far below the percolation threshold. Therefore the ferromagnetism is
dominated by the weak longer-ranged interactions and the Curie temperatures are very
low.



CARRIER-CONTROLLED FERROMAGNETIC
SEMICONDUCTORS

Tomasz Dietl
Laboratory for Cryogenic and Spintronic Research, Institute of Physics,
Polish Academy of Sciences, al. Lotnikw 32/46, PL 02-668 Warszawa, Poland;
also Chair of Condensed Matter Physics, Institute of Theoretical Physics, Warsaw
University, Poland (dietl.edu.pl)

Recent advances in understanding of carrier-controlled ferromagnetism in tetrahedrally
coordinated diluted magnetic semiconductors and their nanostructures will be reviewed
with a focus on the phenomena important for prospective spintronic devices. Experimen-
tal results for III-V materials, where the Mn atoms introduce both spins and holes, will
be compared to the case of II-VI compounds, in which the Curie temperatures TC above
1 K have been observed for the uniformly and modulation-doped p-type heterostructures
but not in the case of n-type films. The experiments demonstrating the tunability of
TC by light and electric field will be presented. The tailoring of domain structures and
magnetic anisotropy by strain engineering and confinement will be discussed emphasiz-
ing the role of the spin-orbit coupling in the valence band. Recent progress in search for
semiconductors with TC above room temperature and hopes associated with compounds
containing magnetic ions other than Mn will be presented.

This work is partially supported by ERATO Semiconductor Spintronics Project of Japan
Science and Technology Agency, KBN grant, and Humboldt Foundation; for review, see,
T. Dietl and H. Ohno, MRS Bulletin, October 2003, p. 714, and for recent preprints,
T. Dietl et al., http://www.arxiv.org/find /cond-mat.



MAGNETISM IN MANGANITES AND
MANGANITE-TITANATE BIFERROICS

K. Dorr and C. Thiele
“TFW Dresden, Postfach 270116 Dresden, 01171 Dresden, Germany

Ferro- or antiferromagnetic manganites (La,A)MnO3 have been investigated mainly for
two reasons during the last decade: First, the high spin polarization of conduction
electrons in the conducting manganites might be useful in spintronics devices. Second,
the competition of charge, orbital and lattice degrees of freedom leads to a variety of
different ground states which are controllable by external parameters like magnetic or
electric fields, pressure und lattice strain in thin films or light. In our work, epitaxial
thin film systems of manganites and titanates (SrTiO3 and ferroelectric PbZrg 45 Tip 5203
(PZT))have been prepared by the off-axis pulsed laser deposition (PLD) method that
allows to grow coherently strained and smooth films. Investigations on tunnel trilayers
of Lag.7Cep.3sMnO3-SrTiO3-Lag 7Cag.3sMnOs indicate the electron-doped and minority-
carrier nature of the Ce-doped manganite. Epitaxial bilayers of a manganite and PZT
show both, biaxial strain induced by the PZT inverse piezoelectric effect and an electrical
field effect modulating the manganite carrier density near the interface. Additionally,
piezoelectric substrates have been employed to reproducibly control the strain state of
manganite films deposited on top. Data on electrical transport and magnetism of these
biferroic thin film systems will be discussed.

10



Relativistic and correlation effects in magnetic solids

H. Ebert, J. Minar, S. Chadov and A. Perlov

Department Chemistry / Physical Chemistry

University of Munich, Germany

The interplay of magnetic ordering and spin-orbit coupling leads to a large variety of
phenomena that are even of great technological importance. Corresponding well
known examples are the magneto-crystalline anisotropy or orbital contributions to the
magnetic moments and hyperfine fields. As a peculiar spin-orbit induced ground state
property one may add the occurrence of a field gradient in cubic ferromagnets.
Besides the galvano-magnetic effects spin-orbit coupling in addition gives rise to
many interesting effects in electron spectroscopy. A theoretical approach is
presented that allows a detailed investigation of these spin-orbit induced phenomena
in magnetic solids. This is achieved by using the spin-polarized relativistic version of
multiple scattering or Korringa-Kohn-Rostoker (SPR-KKR) formalism on the basis of
local spin density functional theory (LSDA). Corresponding applications to a variety of
transition metal bulk, surface and cluster systems will be presented. To allow for a
more detailed discussion of the results a simplified analytical approach will be used.
As LSDA turns out to provide often an insufficient basis -in particular when dealing
with magnetic properties connected with the orbital degree of freedom of an electron-
various schemes that are designed to allow for an improved treatment of correlation

effects will be presented together with corresponding results.

11



In-plane Magnetic Micro- and Nanopatterns: Fundamentals,
Applications, and Possibilities
A. Ehresmann
Universitat Kassel, Fachbereich Naturwissenschaften, Heinrich-Plett-Str. 40, 34132
Kassel, Germany

Ton bombardment in an external magnetic field has become an excellent tool to mod-
ify the magnetic properties of magnetic thin film systems showing the exchange bias
effect. Additionally this novel technique enables lateral magnetic patterning of these
layer systems without topography contrast. Magnetic patterns can be achieved either
by focussed ion beam techniques or by combining lithography techniques with broad
ion bombardment. To understand the fundamental effects of ion bombardment induced
magnetic modifications in exchange bias layer systems, the involved modification pro-
cesses will be discussed in the context of a tentative model. Some applications of ion
bombardment induced magnetic patterning (IBMP) will be shown and some further
application possibilities will be discussed.

12



MAGNETIZATION REVERSAL BY INJECTION AND TRANSFER
OF SPIN: EXPERIMENTS AND THEORY.

A. Fertl, M. AlHajDarwishz, J. Barna§3, 0. Boullel, J. Bassz, V. Cros',
J.M. Georgel, M. Gmitra3, J. Grollierl, G. Faini", A. Hamzicl, H. Jaffrésl,
F. Petroff', W.P. Pratt’, I. Weymann3

'Unité Mixte de Physique CNRS-Thomson CSF, 91404 Orsay, France,
) Michigan State University, East Lansing, MI, USA.
3 Adam Mickiewicz University, Poznan, Poland

4 L2M-CNRS, 92250 Bagneux, France

The magnetization of a ferromagnetic body can be reversed without applying a
magnetic field but only by transferring spins from a spin-polarized electrical current. A
reversal can be obtained either by the coherent precession of the magnetic moment generated
by the transfer of spin, or by the motion of domain walls induced by the spin-polarized
current. In other conditions the magnetization can also be maintained in precession by spin
transfer. This maintained precession generates oscillations of the current in the microwave
frequency range. Several theoretical approaches, extending the initial theories (Slonczewski,
Berger), have been recently developed.

The first part of the lecture describes experiments of both types, that is current-induced
reversal by coherent precession and current-induced domain wall motion. The first type of
experiment is performed on F/N/F submicronic pillars fabricated by an e-beam lithography
method (F = ferromagnetic metal or semiconductor, N = nonmagnetic metal or
semiconductor). In the second type of experiments, the magnetic configuration of spin valves
is switched by current-induced domain wall motion in the soft layer between two pinning
centers. This type of current-induced magnetic switching, as it requires smaller current
densities than the magnetization reversal in pillars and can also be obtained by very short
current pulses, is promising for applications.

In the second part of the talk, I summarize the theoretical issue and describe the model
we have developed to unify the interpretation of CPP-GMR and spin transfer experiments on
pillars. This model is based on a self-consistent calculation of the longitudinal and transverse
components of the spin current throughout the multilayered structure in the limit of quasi-
interfacial spin transfer. The torques acting on the magnetic layers are derived from the
transverse component of the spin current injected into each layer. I will also discuss the
different behaviors expected in different ranges of applied field (direct reversal or maintained
precession).

13



GaMnAs Materials And Nanoscale Devices
Bryan L Gallagher
School of Physics and Astronomy, University of Nottingham, UK

By careful control of MBE growth conditions and post growth annealing procedures we
have produced GaMnAs epilayers which high conductivities and Curie temperature up to
173K. We demonstrate that the improvement in material properties resulting from
annealing is due to the out diffusion of interstitial Mn (PRL 94, 127202 (2005)) . We find
that compensation is very low in best samples. We show that our measured Curie
Temperatures, Hall conductivities and AMR are in good agreement with the mean field
theory. We also find that there is no evidence of a fundamental magnetisation deficit in our
material.

We also present the observation of a large tunneling anisotropic magnetoresistance
(TAMR) in thin (Ga,Mn)As epilayers with lateral nanoconstrictions (PRL 92 037201
(2004) ). The observation establishes the generic nature of the recently discovered TAMR
effect, which originates from spin-orbit coupling in a ferromagnet and is not specific to a
particular tunneling geometry. The lateral geometry allows us to directly link normal
anisotropic magnetoresistance (AMR) and TAMR. This indicates that TAMR may be
observable in other materials showing room temperature AMR, and suggest a re-
examination of previous tunneling and nanocontact results.

14



PROPAGATION, TUNNELING AND PHASE SHIFT OF SPIN WAVES
AT A MAGNETIC FIELD INHOMOGENEITY

B. Hillebrands®, A.A. Serha“, M..P. Kostylev’, S.O.Demokritov*’,
V.E. Demidov*’, and A.N. Slavin®

“Fachbereich Physik, Technische Universitit Kaiserslautern, Germany
"Westfilische Wilhelms-Universitit Miinster, Germany
“Department of Physics, Oakland University, Rochester, Michigan 48309,
U.S.A.

We show experimentally and by numerical simulation, that spin waves propa-
gating in a magnetic film can pass through a region of a magnetic field inho-
mogeneity or, alternatively, can be reflected by this region depending on the
sign of the inhomogeneity. If the region is reflecting and narrow enough, spin
wave tunneling takes place. We investigate the tunneling mechanism and de-
monstrate that it has a magnetic dipole origin. While travelling through a regi-
on of inhomogeneous field, spin waves undergo a phase shift. We show, that
this can be used for designing phase shifters and spin-wave logic elements.
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MAGNETISM AND CHARGE RESPONSE IN QUASI-1D
WIGNER LATTICE COMPOUNDS

Peter Horsch
Max-Planck-Institut fiir Festkorperforschung, D-70569 Stuttgart, Germany

Doped edge-sharing Cu-O chain compounds are ideal realizations of 1D Wigner lattices.
Such doped edge-sharing chains are found in the recently synthesized NagCusO,4 and
NagCus01g systems [1], and they are also structural elements in the widely studied
composite compounds Sri4—,Ca,; CuzsOy;1. As a result of the geometrical structure (90
degree Cu-O-Cu coordination) the hopping matrix elements and hence the kinetic energy
is small compared to the Coulomb energy. At low temperature the charge order resulting
from Coulomb interaction V; ~ 1/l generates Heisenberg chains with varying distance
between spins, i.e., dictated by the Coulomb interaction. We analyse the strikingly
different magnetic properties of NagCusO4 and NagCus0;¢ adopting the picture of
modulated Heisenberg chains. We discuss the role of quantum charge fluctuations on
magnetism. Spin-charge coupling is manifested in the fluctuation of spin positions,
which results in a doping dependence of exchange interactions.

In the final part, we turn to the charge dynamics of Wigner lattices. Charge excita-
tions are described as fractionally charged domain walls in these systems. We present a
detailed discussion of domain-wall excitation spectra, excitonic states, and of the tem-
perature dependence of optical conductivity [2].

[1] P. Horsch, M. Sofin, M. Mayr, and M. Jansen, Phys. Rev. Lett. 94, xxxxxx (2005).
[2] M. Mayr and P. Horsch, (to be published)

16



Frustrated Antiferromagnetic Quantum Chain Systems

R. K. Kremer

MPI fiir Festkorperforschung, D-70569 Stuttgart, Germany

Antiferromagnetic (afm) S=1/2 Heisenberg chain systems with uniform nearest-neighbour ex-
change coupling are best understood. The ground state and the excitation spectrum are well
known and the experimental observations are in good agreement with theory. Additional next-
nearest neighbour exchange along the chains which can be described by the Majumdar-Ghosh
Hamiltonian H = Ju;, >; (SiSiv1 + aS;Sive) with a=Jyun/Jn, gives rise to a more complex
behaviour, since next-nearest neighbour interaction may lead to magnetic frustration. I review
the magnetic properties of the afm S=1/2 Cu*" chain systems LiCuVO, and CuX, (X=Cl, Br)
for which afm incommensurate long-range ordering has been observed by neutron diffraction
at low temperatures. The appearance of incommensurate ordering is ascribed to competing nn

and nnn exchange interaction which is also evidenced in the bulk magnetic properties.
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Spin-Charge Separation and Non-Linear Optical Response in
One-Dimensional Cuprates

S. Maekawa

Institute for Materials Research, Tohoku University, Sendai 890-8577, Japan

The spin-charge separation is one of the key concepts in strongly correlated
electron systems in one-dimension[1]. This also provides an opportunity for much
debate on high temperature superconductivity. The Mott gap, i.e., the charge excitation
gap in strongly correlated electron systems is in contrast to the energy gap in band
insulators. Recent experiments have revealed that Mott inlsusulators in one-dimension
exhibit the strikingly large non-linear optical response. Here, we theoretically
examine the spin-charge separation and the linear and non-linear responses in one-
dimensional Mott insulators and clarify the nature of the photo-excited states. In
particular, we focus on the followings: (i) the linear absorption which is characterized
by the odd-parity excited states, (ii) the two-photon absorption (TPA) which is
characterized by the even-parity excited states, and (iii) the third-harmonic generation
(THG). The theoretical results are compared with the experimental ones. We discuss
the similarity and dissimilarity of the electronic and optical properties in one- and

two-dimensional Mott insulators based on the spin-charge separation.
This work has been done in collaboration with T. Tohyama, H. Matsueda and N. Bulut.

[1]1 S. Maekawa et al. : “Physics of Transition Metal Oxides” (Springer, 2004)
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D-wave density waves in high T, cuprates and CeColns

K. Maki
Department of Physics and Astronomy,University of Southern California
Los Angeles, USA

As is well known there are many parallels between high T, cuprate superconductors
and heavy fermion compound CeColns;quasi two dimensional Fermi surfaces,vicinity
of antiferromagnetism and d-wave superconductivity. Recently giant Nernst effect and
angle dependent magnetoresistance (ADMR) are observed in the pseudogap phases in
both high T, cuprates and CeColns. We shall describe these phenomena in terms of
d-wave density waves. Also some properties of the gossamer superconductivity (d-wave
superconductivity in the presence of d-wave density wave) will be explored.
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New spin configurations in nano-sized magnets near reorientation
phase transition

A. Maziewski®, M.Kisielewski® and V.Zablotskii®"
“Institute of Experimental Physics, University of Biatystok, Lipowa 41, 15-424
Bialystok, Poland
YInstitute of Physics ASCR, Na Slovance 2 , 18221 Prague 8, Czech Republic

By micromagnetic simulations and analytically we study the ground and metastable
magnetic states of ultrathin magnets (with thickness d) in the form of films and laterally
size-limited samples: semi-infinite films, wires (width w) and disks (radius r). Nanos-
tructures are discussed with low-perpendicular magnetic anisotropy determined by the
quality factor Q - the ratio between magnetic anisotropy and demagnetization energies.
Simulations are based on real material parameters, determined for ultrathin Co with
defined Q(d) dependence. Domain structure existence decrease Q when the transition
into in-plane phase undergoes down to Q* <1 [1]. Out-of-plane magnetization compo-
nent exists at the edge of semi-infinite film when Q>Qcqge (Qeage<Q*). Perpendicular
magnetization states can be achieved by properly decreasing lateral nanostructure size
in whole Co ultrathin thickness regime. Q dependent different scenarios of magnetiza-
tion distribution changes decreasing parameters w or r are discussed for nanostructure
with defined d. Novel nanometer-scale magnetization distributions are discussed such
as: domain-like distribution with an oscillating out-of plane magnetization component
and decaying amplitude; out-of plane component patterned vortex.

[1] M. Kisielewski et. al., Phys. Rev. B (2004) 69, 184419.
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MAGNETIC AND SUPERCONDUCTING CORRELATIONS IN
THE 2D HUBBARD MODEL

W. Metzner
Max-Planck-Institut fiir Festkorperforschung, D-70569 Stuttgart, Germany

The functional renormalization group (fRG) is an ideal tool for dealing with the hier-
archy of energy scales and competition of different interactions in correlated electron
systems. Starting point is an exact hierarchy of flow equations which yields the gradual
evolution of the effective low-energy action from the microscopic model Hamiltonian as a
function of a continuously decreasing energy cutoff. Truncated at one-loop level the fRG
yields a systematic and unbiased weak coupling stability analysis, where the competition
and mutual feedback of particle-particle and particle-hole channels is consistently taken
into account. The latter channel drives in particular magnetic, the former superconduct-
ing correlations. For the weakly interacting 2D Hubbard model detailed information on
the dominant low-energy effective interactions and correlations has been obtained from
numerical solutions of the one-loop flow equations. These calculations conclusively es-
tablished the existence of d-wave superconductivity in the 2D Hubbard model at weak
coupling. In a regime with strong antiferromagnetic correlations the spectral function
for single-particle excitations obtained from the two-loop self-energy exhibits pseudogap
features near van Hove points or other hot spots on the Fermi surface.
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Magnetic Microstructure of NANOPERM-type Nanocrystalline Alloys
Marcel Miglierini

Department of Nuclear Physics and Technology
SLOVAK UNIVERSITY OF TECHNOLOGY

Ilkovicova 3, 812 19 Bratislava, Slovakia

A brief description of the influence of structural modifications caused by temperature of
annealing (i.e. number of nanocrystallites) as well as by temperature of measurement upon
magnetic behaviour of nanocrystalline alloys of the NANOPERM family prepared from
amorphous precursors will be given. Results of nuclear and atomic based techniques of
(subatomic) structural characterization comprising Mdssbauer spectrometry, XRD, TEM,
HREM, DSC, and AFM will be correlated with magnetic data obtained from macroscopic

measurements.
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Doped 2D frustrated quantum magnets: spin-charge separation and
non-conventional superconductivity

Didier Poilblanc?®
“Laboratoire de Physique Théorique UMR5152
Université Paul Sabatier and CNRS
31062 Toulouse Cedex France

Dynamics of mobile holes in two-dimensional frustrated quantum magnets is investi-
gated. Numerical evidences are provided for spin-charge separation under doping the
Kagome lattice, a featureless spin liquid. On the contrary, in the checkerboard lattice,
a candidate of broken-symmetry Valence Bond Crystal, a small quasi-particle weight
exists for some crystal momenta, a finding interpreted as a restoration of weak holon-
spinon confinement (1). Amplification of pairing occurs in this case (for ¢ > 0) due to
a localisation process that blocks single hole tunneling between the plaquettes of the
Valence Bond Solid while hole pairs can delocalize (2). This scenario can give rise to
new singlet pairing channels with s-, d- or g-wave symmetries. I also argue that the
formation of a spatially-extended region where the plaquette solid melts around the hole
can lead to an effective correlated hopping responsible for the two hole boundstate.

(1) A. Lauchli and D. Poilblanc, Phys. Rev. Lett. 92, 236404 (2004).
(2) D. Poilblanc, Phys. Rev. Lett. 93, 197204 (2004).
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MAGNETIC EXCITATIONS IN MAGNONIC CRYSTALS AND IN
SMALL MAGNETIC PARTICLES

H. Puszkarski®, M. Krawczyk®, J.C.S. Lévy®
@ Surface Physics Division, A. Mickiewicz University, Umultowska 85, Poznan, Poland
YLPTMC, Pole MPQ CNRS-2437, Université Paris 7, 75251 Paris Cédex 05, France

Magnetic normal modes, vital for the problem of thermal noise in small magnetic ele-
ments used in writing/reading devices, are investigated here in finite thin films, cube
grains and rods. We show how a strong inhomogeneity of the demagnetizing field in
these structures induces amplitude bulk localization of magnetostatic modes. Moreover,
a new type of magnetostatic modes (comb modes) is found in a spectrum of elongated
axially magnetized rods, with two clearly discernible regions: a zone of fast amplitude
oscillations inside the rod, and slow-oscillation narrow regions at the borders. Absorbing
virtually no energy from an applied alternating field, comb modes have no significant
contribution to the magnetic noise. A separate issue to be raised in this study is that of
magnetic excitations propagating in magnonic crystals (MC), i.e. hypothetical macro-
crystals with periodically inhomogeneous magnetic structure, topologically equivalent to
well known photonic crystals [1]. Magnonic spectra are investigated in 1D, 2D and 3D
structures, and conditions of opening of energy gaps forbidden to magnonic propagation
are determined in particular. A confrontation of our 3D MC theory with recent exper-
imental results (spin-wave spectra measurements through neutron scattering) obtained
in certain low-doped manganites allows us to suggest a hypothesis that these materials
can be regarded as magnonic crystals existing in nature.

[1] H. Puszkarski, M. Krawczyk, "Magnonic Crystals - the Counterpart of Photonic
Crystals”, Solid State Phenomena, 94, 125 (2003) and references therein.
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MAGNETIC PROPERTIES OF ALMOST LOCALIZED
FERMIONS - REVISITED

J. Spalek® and W. Wéjcik?
®Marian Smoluchowski Institute of Physics, Jagiellonian University,
Reymonta 4, 30-059 Krakéw, Poland
YInstitute of Physics, Tadeusz Kosciuszko Technical University,
Podchorazych 1, 30-084 Krakéw, Poland

The properties of almost localized fermions became a subject of a renewed interest
in recent years. This is caused by the discovery of the spin-dependent heavy masses
predicted some time ago [1] as well as of critical behavior near metal-insulator transition
of the Mott-Hubbard type [2]. We discuss these properties within our earlier approach
[3] and include the quantum Gaussian fluctuations. A strong metamagnetic behavior
is connected to the spin-dependent masses. Effect of the orbital degeneracy on these
effects is also briefly mentioned within an original rotationally invariant version of the
extended Hubbard model containing the Hund’s rule coupling.

[1] J. Spalek and P. Gopalan, Phys. Rev. Lett. 64, 2823 (1990); P. Korbel et al., Phys.
Rev. B 52, R2213 (1995); R. Citro et al., Physica B 261, 213 (1999).

[2]P. Limelette et al., Science 302, 89 (2003).

[3] J. Spalek and W. Wdjcik, in Spectroscopy of the Mott Insulators and Correlated
Metals, Springer Tracts in Solid State Sciences 119, pp. 41-65.
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UNCONVENTIONAL FORMS OF SUPERCONDUCTIVITY AND
QUANTUM CRITICALITY IN HEAVY-ELECTRON METALS

F. Steglich
MPI for Chemical Physics of Solids, D-01187 Dresden, Germany

Some recent observations made on the isostructural compounds CeCusSis and YbRhsSis
are discussed. We first address the interplay of superconductivity in CeCusSis with both
a spin-density-wave-type quantum critical point (QCP) at low pressure [O. Stockert et
al., PRL 92, 136402 (2004)] and a weak valence transition of Ce at high pressure [H. Q.
Yuan et al., Science 302, 2104 (2003)]. We then turn to YbRhsSis displaying a novel
type of QCP [J. Custers et al., Nature 424, 524 (2003); S. Paschen et al., Nature 432,
881 (2004)], which appears to be detrimental to superconductivity.

Work done in collaboration with:

J. Custers, P. Gegenwart, C. Geibel, F. M. Grosche, R. Kiichler, K. Neumaier, S.
Paschen, J. Sichelschmidt, G. Sparn, Y. Tokiwa, H. Wilhelm, S. Wirth, H.Q. Yuan,
P. Coleman, C. Pépin, Q. Si and G. Zwicknagl
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Renormalization Group Approach to Weakly Interacting Spin and
Fermion Chains

J. Sznajd
Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Wroctaw, Poland

The properties of many real materials are dominated by the presence of weakly coupled
chains. We propose a method based on the real space renormalization group transfor-
mation which can be used to study critical behavior and thermodynamics of a broad
class of the weakly interacting classical and quantum spin chains with S > 1/2 in an
magnetic field as well as fermion chains. The method is presented and examined for the
standard Ising model on a rectangular lattice and then applied to the weakly interacting
quantum anisotropic Heisenberg model and spinless fermion system. We discuss a di-
mensional crossover in coupled spin chains. We also show that the characteristic feature
of a strongly correlated spinless fermion chain is a double peak structure of the specific
heat as a function of temperature and a small interchain (transverse) hopping leads to
a phase transition from a metallic to a charged ordered phase.
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SUPERFLUIDITY IN CONDENSED EXCITONS BELOW 20K

P. Wachter® and B. Bucher®
“Laboratorium fiir Festkorperphysik, ETH Ziirich, 8093 Ziirich, Switzerland
YHSR, Hochschule fiir Technik, 8640 Rapperswil, Switzerland

In superconductivity the electrical conductivity is diverging at the critical temperature,
in superfluidity the heat conductivity is diverging. Therefore, the measurement of heat
conductivity and thermal diffusivity is giving the essential information if superfluidity
occurs. Superfluidity needs a ”fluid” to start with and in a solid this means a condensed
state of bosons. Such bosons are Coulomb coupled electron-hole states, excitons, which
can condense. In materials, which exhibit intermediate valence, 4f holes can be very
heavy with masses around 100m,. and, nevertheless, the compounds can be narrow
gap semiconductors. Such a material is TmSeq 45Teq 55 and its thermal properties have
been measured as function of temperature (4 K) and pressure (17 kbar). Below 20 K
the heat conductivity and the thermal diffusivity diverge exponentially with decreasing
temperature, being indicative of superfluidity. Above this temperature the condensed
excitons can order in a Wigner lattice, couple to phonons, and thus, creating exciton-
polarons with very anomalous specific heat and sound velocities with a special dispersion.
For the first time stable exciton condensation with permanent superfluidity has been
observed.

28



Physics of Nanomagnetism revealed by
Spin-Polarized Scanning Tunneling Spectroscopy

Roland Wiesendanger

Institute of Applied Physics and
Microstructure Advanced Research Center Hamburg (MARCH),
University of Hamburg, Jungiusstr. 11, D-20355 Hamburg, Germany
http://www.nanoscience.de, Email: wiesendanger@physnet.uni-hamburg.de

In order to probe and tailor magnetic properties at the spatial limit we have combined the
scanning tunneling microscope (STM) with spin-sensitivity [1-3]. This is achieved by the use of
ferro- [4-6] and antiferromagnetically [7,8] coated probe tips offering a high degree of spin-
polarization of the electronic states involved in the tunneling process. Spin-polarized Scanning
Tunneling Microscopy (SP-STM) and Spectroscopy (SP-STS) has allowed the visualization of
atomic-scale spin structures [2,9] and the investigation of the spin-dependent local density of
states spatially resolved [10]. Magnetic domain imaging with sub-nanometer-scale spatial
resolution has been demonstrated for magnetic transition metal as well as rare earth metal
films. Ultra-sharp domain walls were discovered in ultra-thin iron films on W(110) substrates
[11]. In a recent SP-STM experiment we could prove that single monolayers of Fe on W(001)
substrates exhibits a c(2x2) antiferromagnetic ground state with perpendicular anisotropy in
contrast to a single Fe monolayer on W(110) which is ferromagnetic with in-plane anisotropy
[12]. Spin-dependent scattering at single oxygen impurities on Fe/W(110) was visualized in real-
space reflecting the orbital nature of the electronic states involved as well as their spin character
[13]. Finally, applications of SP-STM for studying spin states of single magnetic impurities will
be discussed.

References:
[1] R. Wiesendanger, H.-J. Giintherodt, G. Giintherodt, R.J. Gambino, and R. Ruf,
Phys. Rev. Lett. 65, 247 (1990): Observation of vacuum tunnelling of spin-polarized electrons with
the scanning tunnelling microscope.
[2] R. Wiesendanger, |.V. Shvets, D. Birgler, G. Tarrach, H.-J. Guntherodt, J.M.D. Coey,
and S. Gréser, Science 255, 583 (1992):
Topographic and magnetic-sensitive scanning tunnelling microscopy study of magnetite.
[3] M. Bode, M. Getzlaff, and R. Wiesendanger, Phys. Rev. Lett. 81, 4256 (1998):
Spin-polarized vacuum tunneling into the exchange-split surface state of Gd(0001).
[4] M. Kleiber, M. Bode, R. Ravli¢, and R. Wiesendanger, Phys. Rev. Lett. 85, 4606 (2000): Topology-
induced spin frustrations at the Cr(001) surface studied by spin-polarized scanning tunneling spectroscopy.
[5] O. Pietzsch, A. Kubetzka, M. Bode. and R. Wiesendanger, Phys. Rev. Lett. 84, 5212 (2000):
Real-space observation of dipolar antiferromagnetism in magnetic nanowires by spin-polarized scanning
tunneling spectroscopy.
[6] O. Pietzsch, A. Kubetzka, M. Bode, and R. Wiesendanger, Science 292, 2053 (2001):
Magnetization reversal of Fe nanowires studied by spin-polarized scanning tunnelling spectroscopy.
[7] A. Kubetzka, M. Bode, O. Pietzsch, and R. Wiesendanger, Phys. Rev. Lett. 88, 057201 (2002):
Spin-polarized scanning tunnelling microscopy with antiferromagnetic probe tips.
[8] A. Wachowiak, J. Wiebe, M. Bode, O. Pietzsch, M. Morgenstern, and R. Wiesendanger,
Science 298, 577 (2002): Internal spin structure of magnetic vortex cores observed by spin- polarized
scanning tunneling microscopy.
[9] S. Heinze, M. Bode, O. Pietzsch, A. Kubetzka, X. Nie, S. Bligel, and R. Wiesendanger,
Science 288, 1805 (2000):Real-space imaging of two-dimensional antiferromagnetism on the atomic scale.
[10] O. Pietzsch, A. Kubetzka, M. Bode, and R. Wiesendanger, Phys. Rev. Lett. 92, 057202 (2004) :
Spin-polarized scanning tunneling spectroscopy of nano-scale cobalt islands on Cu(111).
[11] M. Pratzer, H.J. EImers, M. Bode, O. Pietzsch, A. Kubetzka, and R. Wiesendanger,
Phys. Rev. Lett. 87, 127201 (2001): Atomic-scale magnetic domain walls in quasi-one-dimensional Fe
nanostripes.
[12] A. Kubetzka, P. Ferriani, M. Bode, S. Heinze, G. Bihimayer, K. von Bergmann, O. Pietzsch,
S. Bligel, R. Wiesendanger: Phys. Rev. Lett. 94, 087204 (2005): Revealing antiferromagnetic order
of the Fe monolayer on W(001):Spin-polarized scanning tunneling microscopy and first-principles calculations.
[13] K. von Bergmann, M. Bode, A. Kubetzka, M. Heide, S. Bliigel, and R. Wiesendanger,
Phys. Rev. Lett. 92, 046801 (2004 ): Spin-polarized electron scattering at single oxygen adsorbates on a
magnetic surface.
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GIANT ROOM-TEMPERATURE TMR EFFECT IN MAGNETIC TUNNEL
JUNCTIONS WITH MgO(001) TUNNEL BARRIER

S. Yuasa

National Institute of Advanced Industrial Science and Technology (AIST),
1-1-1 Umezono, Tsukuba 305-8568, Japan.
PRESTO, Japan Science and Technology Agency (JST),
Kawaguchi, Saitama 332-0012, Japan.

Magnetic tunnel junctions (MTJs) consisting of ferromagnetic electrodes separated by
a tunnel barrier exhibit the tunneling magnetoresistance (TMR) effect. While a
magnetoresistance (MR) ratio up to 70% has been obtained at room temperature (RT)
in MTJs with an amorphous AI-O tunnel barrier, a much higher MR ratio is
theoretically expected in fully-epitaxial MTJs with a crystalline MgO(001) tunnel
barrier. We fabricated the fully epitaxial Fe(001)/MgO(001)/Fe(001) MTJs with MBE
and micro-fabrication techniques and achieved a giant MR ratio up to 188% at RT."”
We observed even higher MR ratio up to 271% at RT (353% at 20 K) in
fully-epitaxial bcc Co(001)/MgO(001)/Fe(001) MTJs. We also fabricated MTIs
consisting of a highly-oriented poly-crystalline MgO(001) barrier and amorphous
CoFeB ferromagnetic electrodes with sputtering deposition technique. The
CoFeB/MgO(001)/CoFeB MTlIs also exhibited a giant TMR effect above 200% at
RT.” A crystalline MgO(001) tunnel barrier seems to be essential for the giant TMR
effect because an amorphous MgO tunnel barrier yielded a much lower MR ratio.
These results are of great importance not only for industrial applications but also for
the physics of spin-dependent tunneling.

1) S. Yuasa et al.: Jpn. J. Appl. Phys. 43-4 B, L588 (2004).

2) S. Yuasa et al.: Nature Mater. 3, 868 (2004).

3) D. D. Djayaprawira et al.: Appl. Phys. Lett. 86, 092502 (2005).
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O-1-01
PHASE DIAGRAM OF HEAVILY DOPED (z > 0.5) La;_,Sr,MnOs

A. Szewczyk,” M. Gutowska,” and B. Dabrowski’

“Institute of Physics, Polish Academy of Sciences, Warsaw, Poland
bDepartment of Physics, Northern Illinois University, DeKalb, Illinois 60115, USA

A vast majority of research of Laj_,Sr,MnO3 manganites was done for z < 0.5. Data on
0.5 < x < 1 materials are sparse because of inherent difficulty in synthesizing them. The
occurrence of a rich phase diagram for z > 0.5 was evidenced by structural and magnetic
measurements. For the present, first specific heat studies of x = 0.55, 0.7, and 0.9
compositions, highly stoichiometric samples were prepared. Specific heat was measured
from 2 K to 395 K on heating and on cooling, in zero magnetic field and in B = 7 T.
Orders of particular phase transitions and specific heat anomalies accompanying them
were studied. For x = 0.55, the second order paramagnet-ferromagnet phase transition,
visible as the A-anomaly at 267 K, and the first-order transition from ferromagnetic to A-
type antiferromagnetic state, associated with the structural transition from a tetragonal
to an orthorhombic structure, were observed. The latter, visible as a d-type anomaly at
216 K, was very sensitive to magnetic field (7 T lowered the transition temperature by
26 K). For = 0.7 and 0.9, the second-order transition from the paramagnetic to the
C-type antiferromagnetic state, occurring at 265 K and 205 K, respectively, was studied.
For x = 0.7, it was a purely magnetic transition, whereas for x = 0.9, it was coupled
with the structural transition from a cubic to a tetragonal phase.

0-1-02
NON-FERMI LIQUID GROUND STATE IN CeRhSn: EFFECT OF
GRAIN BOUNDARY DEFECTS ON THE ELECTRIC
TRANSPORT BEHAVIOR

Andrzej Slebarski® and Krzysztof Szot®?
“Institute of Physics, University of Silesia, 40-007 Katowice, Poland
PIFF, Research Centre Jiilich, D-52425 Jiilich, Germany

The compound CeRhSn exhibits a non-Fermi liquid (NFL) character of the temperature
dependence for low-temperature physical properties. The susceptibility x and specific
heat C' divided by temperature, C'/T', can be fitted to T~" behavior with the value of
the power-law exponent n =2 0.5 suggesting that the NFL behavior can be described
by the Griffiths-McCoy model. The resistivity is indeed NFL in character (i.e., p ~
T°¢), however, the power-law that should extend over several decades in temperature is
dependent on the T-range (¢ = 1 down to ~ 3 K, while p ~ T%7 for 0.1 < T < 3 K).
Measurements by an atomic force microscopy show the nanometre-sized grains consisting
of the crystalline components separated by the grain boundary/interface, which are
strongly inhomogeneous and off-stoichiometry. We argue that there is possible a ballistic
transport of electrons through an interface which strongly modifies the p(T") dependence
of the polycrystalline CeRhSn sample.
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0-1-03
Resonant magnetic excitations in high-T. cuprates: influence of
orthorhombicity and upward dispersion

I. Eremin®, D. K. Morr?, A. V. Chubukov®, D. Manske
K. H. Bennemann®, and M. R. Norman®
@ Institut fiir Theoretische Physik, Freie Universitat Berlin, D-14195, Berlin, Germany;

b Department of Physics, University of Illinois at Chicago, Chicago, IL 60607, USA;

¢ Department of Physics, University of Wisconsin, Madison, WI 53706, USA;
@ Max-Planck-Inst. fiir Festkorperforschung, Heisenbergstr. 1, D-70569 Stuttgart,

Germany;
¢ Materials Science Division, Argonne National Laboratory, Argonne, IL. 60439

Recent inelastic neutron scattering (INS) experiments in the superconducting (SC) state
of YBCO [1] detected a new resonant magnetic excitation at incommensurate momenta,
but at frequencies larger than Q,.5(Q). We show that a new resonant magnetic exci-
tation at incommensurate momenta, observed recently by inelastic neutron scattering
experiments on YBasCuzOg.g5 and YBasCuzOg g, is a spin exciton. We identify several
features that distinguish this novel mode from the previous resonance mode observed
near Q = (m, 7)[2]. Furthermore, we have analyzed the in-plane magnetic anisotropy in
high-T. superconductors with orthorhombic distortions and compared our results with
INS data on fully untwinned YBCO [3].

[1] S. Pailhes et al., Phys. Rev. Lett. 93, 167001 (2004); S.M. Hayden et al., Nature
(London) 429, 531 (2004).

[2] I. Eremin et al., cond-mat/0409599, Phys. Rev. Lett., in press.

[3] I. Eremin and D. Manske, Phys. Rev. Lett. 94, 067006 (2005).

0-1-04

Low-field magnetic investigations of the superconducting state in
PI‘OS4Sb12

T. Cichorek?, A.C. Mota®, F. Steglich®, N.A. Frederick’, W.M. Yuhasz®
and M.B. Maple®
¢ Max Planck Institute for Chemical Physics of Solids, Dresden, Germany
b University of California, San Diego, La Jolla, USA

Superconductivity in the filled skutterudite compound PrOss;Shis appears to be un-
conventional, as inferred form, e.g., the lack of a coherence peak near T.=1.85 K in
the inverse nuclear-spin-lattice-relaxation time of Sb nuclei. Furthermore, spontaneous
magnetic moments develop just below T, indicative of time reversal symmetry breaking.
From measurements of dc isothermal magnetization curves for a PrOssShqs single crys-
tal, we have obtained the temperature dependence of the lower critical field H .1 (7). Un-
expectedly, a pronounced enhancement of H.;(7T) emerges upon cooling below around
0.6 K (i.e., T/T.~0.3). In addition, the critical current, estimated from remnant magne-
tization measurements, also increases faster upon lowering the temperature below 0.6 K.
These experimental findings clearly point at another phase deep in the superconducting
state of PrOssShio. We will also discuss flux dynamics in PrOssSbyo: while there is no
obvious anomaly at T/T.~0.3, vortex creep is extremely weak already below T.. The
very strong pinning in this material is in agreement with theoretical expectations for
superconductors with broken time reversal symmetry.
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PRESSURE EFFECTS ON MAGNETIC PROPERTIES OF
MANGANITES NEAR PERCOLATION THRESHOLD

A. Wisniewski?, R. Puzniak?, V. Markovich?, I. Fita,*¢, Ya.M. Mukovskii?

“Institute of Physics, Polish Academy of Sciences, Al. Lotnikow 32/46, PL 02-668
Warsaw, Poland
®Department of Physics, Ben-Gurion University of the Negev, P.O.Box 653, 84105
Beer-Sheva, Israel
“Donetsk Institute for Physics and Technology, NAS, R. Luxemburg str. 72, 83114
Donetsk, Ukraine
Moscow State Institute of Steel and Alloys, 11991 Moscow, Russia

Effects of hydrostatic pressure up to 11 kbar on magnetic properties of La;_,Ca,MnOg
(z =0.18, 0.20, 0.22) and Pry_,Sr,MnO3 (z = 0.22, 0.24, 0.26) single crystals were stud-
ied near percolation threshold z. which is observed at x = 0.22 and at x = 0.24 for La and
Pr based manganites, respectively. In both systems magnetic ordering temperature T,
of the Mn spin sublattice increases upon applying the pressure. The pressure coefficient
dT./dP for both systems enhances significantly near z. and then the changes are much
smaller with increasing doping. It was found that in the case of Pr;_,Sr,MnOg3 system
the nature of the ferro-to-paramagnetic transition of the Mn spin system evaluates with
increasing doping from a continuous second order transition (z < x.) to a more abrupt
first order-like transition (x > z.). For Prg 76Srp.24MnOs sample an applied pressure
changes the character of the phase transition from nearly a continuous one at P = 0 to
more abrupt, almost discontinuous one at P = 11 kbar.

O-1-06
INFLUENCE OF CHEMICAL SUBSTITUTIONS ON

ANISOTROPIC UPPER CRITICAL FIELD IN MgB,: IMPACT
OF FERMI SURFACE CHANGES

R. Puzniak®, A. Wisniewski?, J. Jun,’, S.M. Kazakov®, J. Karpinski®
%Institute of Physics, Polish Academy of Sciences, PL 02-668 Warsaw, Poland
bSolid State Physics Laboratory, ETH Zurich, CH-8093 Zurich, Switzerland

Specific band structure of MgBs, with two bands 7 and ¢ involved in superconductivity,
leads to high critical temperature, T,, of 39 K and temperature and field dependent
anisotropy of superconducting parameters. Chemical substitutions lead to modification
of band structure and therefore influence all superconducting parameters, especially
T., the upper critical field, H.s, and its anisotropy, vg. Magnetic investigations of
Mg; Al By crystals show the slight increase of Hg)|. for the samples with small z,
significant reduction of vz at lower temperatures for Al substituted samples as compared
to this of unsubstituted crystals. In Mg(Bg.94Co.06)2 single crystals Hs(.(0) = 85 kOe
is more than twice as large as that one of = 31 kOe in unsubstituted MgBs. Anisotropy
of H.o decreases to about 4 at low temperatures, the value considerably lower than that
in MgBs, and its temperature dependence is much less pronounced. The corresponding
HCQH(L()(U) ~ 330-350 kOe is likely close to the maximum enhancement of H.o due to
chemical substitutions. The enhancement of H. can be explained as a disorder effect
only if the main result of disorder is to make the m bands more dirty while not affecting
the o bands as much. However, in addition to disorder and weakened electron-phonon
coupling, the impact of the Fermi level shifting into a region with lower o Fermi surface
velocities has to be taken into account in the analysis of H.o data as well.
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MICROSCOPIC THEORY OF MAGNETIC INTERACTIONS
IN KCuF3 AND LaMnO3; — THE ROLE OF CHARGE TRANSFER

A. M. Oleé*?, L. F. Feiner®, P. Horsch’, and G. Khaliullin®
®Marian Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, PL-30059 Krakéw, Poland
*Max-Planck-Institut FKF, Heisenbergstrasse 1, D-70569 Stuttgart, Germany
“Philips Research Laboratories, NL-5656 AA Eindhoven, The Netherlands

Magnetic interactions in correlated insulators with orbital degrees of freedom are de-
scribed by superexchange spin-orbital models, which are characterized by nontrivial
quantum effects [1]. We analyze the spin interactions in A-type antiferromagnetic phase
of KCuF3 with one hole in e, orbital (S = 1/2) and of LaMnOs with ¢3, e, high-spin
(S = 2) electronic configuration. The spin exchange constants along cubic axes J,;, and
J, sensitively depend on three parameters: (i) overall energy scale J = 4t2/U, where t is
(ddo) hopping and U is on-site Coulomb repulsion, (i) the Hund’s exchange n = Jg /U,
and (4¢7) the parameter R = 2U/(2A 4 Up), where A and U, are charge transfer (CT)
energy and Coulomb repulsion on oxygen, and (iv) on the ey orbital order. One finds
that quasi one-dimensional spin interactions J. > |J,5| in KCuF3 are intrinsically re-
lated to its CT type insulating state. On the contrary, the effects of CT superexchange
terms are moderate in a Mott insulator LaMnOQOgs. Finally, using partial optical sum rules
[2], we discuss experimental constraints on the microscopic parameters of LaMnOs.

[1] L. F. Feiner, A. M. Ole$, and J. Zaanen, Phys. Rev. Lett. 78, 2799 (1997).
[2] G. Khaliullin, P. Horsch, and A. M. Ole$, Phys. Rev. B 70, 195103 (2004).

0O-1-08
HALL EFFECT IN THE LOW CHARGE-CARRIER DENSITY
FERROMAGNET UCo;Sb,

V. H. Tran®, S. Paschen’, F. Steglich’, R. Troé%, and Z. Bukowski®
“W. Trzebiatowski Institute for Low Temperature and Structure Research,
Polish Academy of Sciences, P.O. Box 1410, 50-950 Wroclaw, Poland
bMax-Planck Institut fiir Chemische Physik fester Stoffe, D-01187
Dresden, Germany

The Hall coefficient Ry of ferromagnetic UCoq 5Sbs (T = 74.5 K) has been measured
on a single crystal in the temperature range 2 - 300 K and in magnetic fields up to 7 T.
The values of the normal Ry and anomalous Ry coefficients were estimated by comparing
the Ry (B) with magnetization M (B) data. Both — Ry and Ry show a maximum near T
and a minimum at T},;, ~ 20 K. Below T,;,, Ry and R, tend to a saturation. The ratio
R/ Ry reaches a value of ~ 1000 for T' < T and of ~ 21000 at higher temperatures,
implying that Ry is dominated by Rs. The negative sign of Ry is found to be unchanged
down to 2 K, which is indicative of electron-type carriers. The carrier concentration n,
= |1/eRyp| is found to decrease rapidly when the system undergoes the ferromagnetic
ordered state, i.e., it varies from 0.785 e/f.u in the paramagnetic state to about 0.024
e/f.u at 2 K. The charge mobility u. was evaluated from the Ry (1T) and electrical
resistivity p values. p. = Ry (1T)/p, passes over a maximum (= 450 cm?/Vs) at Thin
and falls down by as many as two orders of magnitude for 7 = 2 K (~ 3.7 cm?/Vs).
Since the effective mass m* = S'yhz/(?nrQne)1/3k?3 shows weak temperature dependence
(from 53.8 m, at Ty to 69.5 m, at 2 K), the decline in p, with decreasing temperature
seems to be associated with an enormous decrease of the carrier collision time.
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Quantum fluctuations of the ultracold atom-molecule mixtures

T. Domanski
Institute of Physics, M. Curie Sklodowska University, 20-031 Lublin, Poland

We investigate emergence of the quantum coherence in the ultracold mixture of fermionic
atoms and bosonic dimer molecules. Interactions between these species can be there
experimentally controlled via tuning the external magnetic field. In consequence the
fermionic atoms and their bosonic counterparts can be driven to a correlated behavior
which resembles the usual BCS to BEC crossover scenario. We analyze this issue in some
detail. In particular we comment on the recent experiments using the fast sweep across
the Feshbach resonance which induce the fluctuations analogous to the superradiant
state originally discussed by von Dicke.

0-1-10
ELECTRONIC STATES OF MAGNETITE FROM ELECTRON
PHOTOEMISSION SPECTROSCOPY

R. Zalecki?, A. Kolodziejczyk?®, J. Korecki®®, A. Kozlowski? N. Spiridis® and
Z. Kakol®
Department of Solid State Physics, AGH University of Science and Technology,
Mickiewicza 30, 30-059 Cracow, Poland
bInstitute of Catalysis and Surface Chemistry, Polish Academy of Sciences, 30-239
Cracow, Poland

The core- level and valence band photoemission spectra for epitaxial thin film and bulk
single crystal of magnetite were measured by the X-ray (XPS) and the angle- resolved
ultraviolet (ARUPS) photoemission spectroscopy. The 3d electron on-site correlation
energy, the 3d-2p electron charge transfer energy and the hybridisation energy between
Fe-3d and O-2p states were obtained. They were calculated from the energy separations
between the Fe-2p main lines and their satellite lines and from the iron and oxygen
Auger spectra together with the relevant valence band spectra according to the Zaanen,
Sawatzky and Allen (ZSA) theory. The ARUPS spectra were compared to the accessible
band structure calculations. Type of insulating gap in these oxides was discussed.
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NEW ORTHOROMBIC MULTIFERROICS
Ri_.Y,MnO3 (R = Eu,Gd)

V.Yu. Ivanov®, A.A. Mukhin%, V.D. Travkin®, A.S. Prokhorov?,
A.M. Kadomtseva’, Yu.F. Popov’, G.P. Vorobev’, K.I. Kamilov’, and
A .M. Balbashov*
2General Physics Institute of the Russian Acad. Sci., 119991 Moscow, Russia
"Moscow State University, 119899 Moscow, Russia
“Moscow Power Engineering Institute, 105835 Moscow, Russia

A competition of exchange interactions in orthorhombic manganites RMnO3 induced by
decreasing of the rare-earth ion ionic radii causes a sinusoidal antiferromagnetic order-
ing resulting in appearance of electric polarization below incommensurate-commensurate
(IC-C) transition at Tyoer < Tv ~ 45K. In this work we have realized the tendency to
form multiferroic states in the single crystals of substituted compounds Fui_, Y, MnOs
(0.2 <z <0.5) and Gd1_, Y, MnO3 (0 <y < 0.2). While slightly substituted (z < 0.1)
compounds exhibited a spontaneous transition from the IC to the canted antiferromag-
netic (CAF) state at Tca < T, the IC-C phase transition at T}, = 30K was observed
for x=0.2, followed by the transition to the CAF phase at Tga ~ 22K. For = > 0.3
and y > 0.05 only the IC-C transitions were found while the CAF phase disappeared
at all. Various phase transitions were observed in the pulsed magnetic fields up to 250
kOe along a, b, c-axes by magnetization, magnetostriction and electric polarization mea-
surements. The polarization showed a strong dependence on a preliminary poling in an
electric field E ~ 1500 V/em that indicated on an existence of a spontaneous electric
polarization below Tj,cr, which was suppressed by H || ¢ or changed by H || a,b.

0-1-12
Andreev reflection at ferromagnetic metal- triplet superconductor
junctions

L. Kowalewski®, R. J. Wojciechowski ¢ and P. Wojtus®
“Institute of Physics,A. Mickiewicz University, 61-614 Poznan, Poland

Properties of tunneling conductance spectra of a ferromagnetic-insulator-anisotropic
spin triplet superconductor junction are theoretically investigated. The Andreev re-
flection and transmission of quasiparticles at the interfaces, parallel and perpendicular
to the c-axis of the superconductor Sre RuQy, are discussed for unitary p—wave dZ(E) =
20 (sin(aky) + isin(aky)),and f—wave d.(k) = 2A(sin(ak,) + isin(aky)) cos(ck;).
Moreover, selected non-unitary f— wave pairing states are discussed, as well. The choice
of symmetry pairing is motivated by recent experiments on SroRuQO4. Asymmetry of
the Andreev reflection amplitude with respect to the boundary normal is analyzed. The
behaviour of the resonance peak in this reflection is also performed. The essential influ-
ence of the magnitude and direction of the exchange field on the conduction spectrum
is investigated. Especially the evolution of a zero-conductance peak into a zero conduc-
tance deep has been shown.

RJW gratefully acknowledge a support under the grant PBZ-KBN-044/Po3/2001
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O-1-13
ORBITAL-SELECTIVE MOTT TRANSITIONS IN THE

ANISOTROPIC TWO-BAND HUBBARD MODEL AT FINITE
TEMPERATURES

C. Knecht?, N. Bliimer?, and P. G. J. van Dongen®
“Institute of Physics, Johannes Gutenberg University, 55099 Mainz, Germany

The anisotropic degenerate two-orbital Hubbard model is studied within dynamical
mean-field theory at low temperatures. High-precision calculations on the basis of a
refined quantum Monte Carlo (QMC) method reveal that two distinct orbital-selective
Mott transitions occur for a bandwidth ratio of 2 even in the absence of spin-flip contri-
butions to the Hund exchange. The second transition — not seen in earlier studies using
QMC, iterative perturbation theory, and exact diagonalization — is clearly exposed in a
low-frequency analysis of the self-energy and in local spectra.

0-1-14
Single particle spectral weight and ARPES spectra
from cuprates in the bond-ordered, bond-centered stripe phase

P. Wrébel', A. Maciag' and R. Eder?
Mnstitute for Low Temperature and Structure Research,
P. 0. Box 1410, 50-950 Wroclaw 2, Poland
2Forschungszentrum Karlsruhe, IFP, P.O. Box 3640, D-76021 Karlsruhe, Germany

Motivated by recent inelastic neutron scattering experiments on cuprates, we discuss the
formation of bond order in the stripe phase. We suggest that spin-Peierls order appears
in hole-rich domain walls (DWs) formed between hole-poor regions in which long-range
antiferromagnetic (AF) correlations exist. On the example of a single stripe we analyze
the stability of such structures. The motion of a hole inside the DW which takes the form
of a bond ordered ladder is in principle unrestricted. The hopping of a hole in domains
is to some extent obscured by the fact that a moving hole spoils AF correlations. By
analyzing the energy dispersion of a quasiparticle propagating along the bond-centered,
bond-ordered stripe and of a quasiparticle propagating along the site-centered stripe we
deduce that bond ordered stripes are stable at and above the total doping level 1/8 and
the linear stripe-filling level 1/2. Later we compute the electronic structure and the
single-particle spectral density of a stripe array formed by ladder-like DWs and by AF
domains of width 2 lattice spacings and compare them with ARPES spectra from some
doped cuprates belonging to the 214 family of compounds. The intensity map plotted
in the coordination frame momentum-energy reproduces quite well the ARPES spectra
of Nd doped LSCO systems obtained at the doping level of 15%.
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FLUCTUATION OF COOPER PAIRS

Jan Stankowski

Institute of Molecular Physics, Polish Academy of Sciences,
Smoluchowskiego 17, 60-179 Poznan, Poland

Low-field part of microwave absorption (MA) line results from vortex currents in type II
superconductors, thus from the broken Cooper pairs (PC). Because of strongly damped
vibrations of vortexes in weak junctions, AC Josephson absorption is non-resonant and
results from energy dissipation of ac field, which is proportional to the concentration of
normal electrons from broken Cooper pairs. Josephson junctions system (JJS) is well isolated
form the lattice, so there is a local temperature different from the temperature of the lattice,
T)s# Tia.. When Cooper pairs (which have spin S=0) break, electrons with the spin of S=1/2
should give resonant absorption. There is an anomalous temperature dependence of EPR
line intensity due to electrons, which at low temperature are paired. It will be shown that
resonant absorption manifests itself on Josephson hysteresis in oscillating electromagnetic
field at 22 and 15 MHz.

P-1-01
Tunneling of correlated electrons through a narrow domain wall in
magnetic nanowires

M.A.N Araijo?, V.K. Dugaev®, J. Berakdar®, and J. Barnas¢
“Departamento de Fisica, Universidade de Evora, Evora, and
Centro de Fisica da Universidade do Minho, Campus Gualtar, Portugal
PCFIF and Departamento de Fisica, Instituto Superior Técnico, Lisbon, Portugal
“Max-Planck Institut fiir Mikrostrukturphysik, Halle, Germany
4Department of Physics, Adam Mickiewicz University, Poznan, and
Institute of Molecular Physics, PAS, Poznari, Poland

Electron transmission through a narrow domain wall in a ferromagnetic one dimensional
metal is studied taking into account both potential and spin dependent scattering at the
wall. This introduces transmission amplitudes with or without spin reversal. We con-
sider a model electron-electron interaction which is local and includes a spin dependent
term. Then, the correction to the bare scattering amplitudes is calculated to first order
in the electron-electron interaction, within a Hartree-Fock theory. Such correction di-
verges logarithmically with the bandwidth cutoff. Using a poor man’s renormalization
group approach for the electron interactions, where the coupling constants and transmis-
sion amplitudes are renormalized as the bandwidth cutoff is progressively reduced, we
obtain analytical expressions for the conductance at any temperature. We also compare
our results to those obtained from bosonization techniques and discuss the implications
to domain wall movement.
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P-1-02
DYNAMIC RESPONSE OF MAGNETIC IONS IN THE
COLOSSAL MAGNETOREZISTANCE MANGANITES
La;_xCaxMnOj;
I.G. Deac, R.V. Tetean, M. Miron, E. Burzo
Faculty of Physics, ”Babes-Bolyai” University, 400084 Cluj-Napoca, Romania

We present a detailed study of nonlinear dynamic susceptibility of the polycrystalline
perovsckite manganites Laj _ x CaxMnOj3 (0.30 < z < 0.66), below and above transition
temperature as function of frequency and temperature. Near by z = 0.5 the system
changes from ferromagnetic and conducting to antiferromagnetic and insulating with
large hysteretic behavior in M (T') and p(T'). The Curie temperatures determined from
dynamic susceptibility analysis were compared to the data obtained previously by elec-
trical and static magnetic measurements, and a new phase diagram was drawn. A sharp
negative peak in x’3(7T") curves was found for the samples with x = 0.3 - 0.51. The data
suggest the presence of correlated magnetic clusters near by the magnetic transition.

P-1-03
KONDO PHENOMENA OF STRUCTURAL DEFECTS IN USbTe
FERROMAGNET

Z.Henkie®, T.Cichorek®’, R.Wawryk®, A.Wojakowski®, and F.Steglich’
“Institute of Low Temperature and Structure Research, PAS, Wrocaw, Poland
®Max Planck Institute for the Chemical Physics of Solids, Dresden, Germany

USbTe is a ferromagnet (T¢ = 123.4 K) crystallising in tetragonal PbFCl-type struc-
ture. Its isostructural compounds UPS and UAsSe, showing low-T turn-up of electrical
resistivity, were found to be two-level-system Kondo (i.e. orbital-Kondo, OK) ferromag-
nets. We have shown previously (phys. stat. sol. (a) 196 (2003) 352) that resistivity
along a-axis - ?p(T) - for USbTe, unlike that for UPS and UAsSe revealed coherent low-
T electronic scattering and unlike typical ferromagnetic metal shows unusually convex
shape between 50 K and T¢.

To explain this unusual behaviour we have measured resistivity along c-axis - p(T) -
for USbTe and showed that having “p(T) and “p(T) we can resolve the temperature
dependent resistivity of USbTe into components corresponding to particular mechanism
of electronic scattering. It occurred that OK effect is responsible for unusual transport
properties of USbTe ferromagnet. The OK electronic scattering contributes to the re-
sistivity component pg (T). It reaches maximum at T* = 78 K and goes to zero at the
lowest temperatures. Such temperature is assumed to be the Kondo temperature in case
of Kondo paramagnetic systems showing transition to coherent electronic scattering and
we propose to classify the USbTe as the coherent orbital-Kondo ferromagnet.

Contribution supported by KBN, grant 1PO3B 073 27, and CELTAM
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HALF-FILLED STRIPES IN THE t-t-U HUBBARD MODEL

Marcin Raczkowski®?, Andrzej M. Oles?, and Raymond Frésard®
“Marian Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, PL-30059 Krakéw, Poland
bLaboratoire CRISMAT, UMR CNRS-ENSICAEN(ISMRA) 6508, Caen, France

Using a self-consistent Hartree-Fock (HF) approximation we investigate the relative sta-
bility of various stripe phases in the extended ¢-t-U Hubbard model. They involve
nonmagnetic filled stripes (one doped hole per site in a domain wall) stabilized by trans-
verse charge fluctuations [1], and half-filled stripes (one doped hole per two atoms in
a domain wall) involving an on-wall spin-density wave. In spite of better optimizing
the potential energy the latter represent only locally stable solutions, both for the ¢-
t’-U Hubbard model at half-filling, and ' = 0 off half-filling. However, previous HF
studies of the filled stripes have shown that a negative ratio of next nearest-neighbor
to nearest-neighbor hopping ¢/t < 0, relevant to the doped CuO planes of high-T,
superconductors, gives a positive kinetic energy contribution, expelling holes from anti-
ferromagnetic domains and reinforcing the stripe order [2]. Guided by this observation
we show here that half-filled stripes accommodate holes markedly easier than the filled
ones. Consequently, the former take over in the regime of ¢/t ~ —0.3 appropriate for
YBa2011306+m.
[1] J. Zaanen and A. M. Oles, Ann. Phys. (Leipzig) 5, 224 (1996).
[2] M. Raczkowski, B. Normand, and A. M. Ole$, Phys. Stat. Sol. (b) 236, 376 (2003).
P-1-05
INFLUENCE OF Ti ON THE MAGNETIC STATE OF
CaRu;_,Ti, O3
A. Zorkovska®, A. Feher?, I. Bradari¢’, J. Sebek® and E. Santava®
@Centre of Low Temperature Physics of the Faculty of Science UPJS & Institute of

Experimental Physics SAS, Park Angelinum 9, 04154 Kosice, Slovakia
bLaboratory for Theoretical and Condensed Matter Physics, The ”Vinéa” Institute of

Nuclear Sciences, P.O. Box 522, 11001 Belgrade, Serbia an Montenegro

“Institute of Physics AS CR, Na Slovance 2, 18221 Prague, Czech Republic

The magnetic ground state of the ternary ruthenate CaRuOg is rather controversial.
There are indications that it is a non-Fermi liquid metal. It has been considered a
paramagnet, however, in the light of the most recent experimental sudies it appears to
be a material at the verge of magnetic ordering that readily evolves into a magneti-
cally ordered one. Substitution of Ru by nonmagnetic Ti atoms was found to induce
ferromagnetism in this material with maximum effect for 40% of Ti.

Polycrystalline samples of CaRu;_,Ti, O3 with x=0, 0.005, 0.03 and 0.07 have been
prepared and pressed into pellets that were sintered at 1100-1200°C for 72 h in air. We
have measured the specific heat in the temperature region of 3-300 K in magnetic field
of 0, 0.5 and 1 T, as well as the ac-susceptibility up to 120 K at frequencies of 100 Hz,
1 and 3 kHz.

No specific heat anomaly has been observed neither for CaRuOg nor for the Ti containing
samples but clear cusp was visible in the real part as well as in the imaginary part of
ac-susceptibility at 30 K for the samples with Ti. These results are indicative of spin
glass behaviour, together with the observed increase of magnetization below 30 K.
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Two-band ferromagnetic Kondo lattice model on a ladder with
quantum mechanical S = 3/2 core spins

D. Neuber®, M. Daghofer?, A. Oles® and W. von der Linden®
“Institute of Theoretical and Computational Physics, TU Graz
Petersgasse 16, A-8010 Graz, Austria
bInstitute of Physics, Jagellonian University
Reymonta 4, PL-30059 Krakéw, Poland

We present a numerical study of the ferromagnetic Kondo lattice model with quantum
mechanical S = 3/2 core spins. We treat two orbitals per site on a ladder using the den-
sity matrix renormalization group. We examine parameters relevant to manganites for
the undoped case of quarter-filling. We investigate the influence of the superexchange
parameter J’ between core spins and find that a small increase of J’ is sufficient to in-
duce a transition from ferromagnetic (FM) to antiferromagnetic (AFM) ordering. This
transition is accompanied by a change of orbital order from alternating orbital occupa-
tion to predominant occupation of the in-plane orbital. Furthermore, we consider the
influence of doping on the magnetic and orbital order and compare these results to an
effective spin-orbital-model that takes the multiplet structure of the Mn ions correctly
into account.

P-1-07
SPIN WAVE AND MIXED SPIN-AND-ORBITAL
EXCITATIONS IN KCuF;

Olga Sikora and Andrzej M. Oles
Marian Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, 30-059 Krakéw, Poland

We consider an effective spin-orbital model [1], which describes interactions between
Cu?t ions in d” configuration and investigate spin and mixed spin-and-orbital excitations
in KCuFj3 for antiferromagnetic ground state with the ferro type of orbital order of
occupied ey orbitals. Spin excitations couple to mixed spin-and-orbital excitations in
the spin-orbital superexchange model, as shown using the random phase approximation
(Tjablikov decoupling) within the Green’s function scheme [2]. Here we employ Holstein-
Primakoff method for spin and orbital operators and derive the spin wave and spin-and-
orbital wave excitations using the bosonic representation. The results demonstrate that
this approach gives equivalent results to those of Ref. [2]. In addition, we include the
charge transfer term which originates from two-hole charge excitations at a common
neighboring 2p, orbital of a common fluorine ion in between two copper ions, and
modifies the spin-orbital model. Implications of this new superexchange term on spin
and spin-and-orbital excitations are discussed in antiferromagnetic phases with different
orbital order.

[1] L. F. Feiner, A. M. Ole$, and J. Zaanen, Phys. Rev. Lett. 78, 2799 (1997).
[2] A. M. Ole$, L. F. Feiner, and J. Zaanen, Phys. Rev. B 61, 6257 (2000).
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HOMES RELATION IN ATTRACTIVE HUBBARD MODEL IN
D=0
M. Bak
Institute of Physics, A. Mickiewicz University, Umultowska 85, 61-614 Poznari, Poland

Lack of the recognized theory of high-temperature superconductivity (HTS) has led to an
intense experimental and theoretical search for some universal relationships, which might
unravel the physics behind HT'S. One of the most known is so called Uemura relation,
ps(0) x T, where ps is superfluid density and T, is the superconducting transition
temperature. Recently Homes et al. (Nature 430, 539 (2004)) reported a new universal
scaling relation, ps x o(T.) - T., where o(T) is dc conductivity. On the other hand there
are also reports, citing data denying the universality of this new relation and ascribing
the cases where the relation does appear to some well known mechanisms. In this
situation theoretical calculations of the effect would be very interesting. Unfortunately
calculating transport properties like o(7T') is not a simple task. The present paper shows
the results of calculations of the Homes relation for the attractive Hubbard model in the
limit of infinite dimensions d = oo, where calculations are simplified but the results can
still be an approximation for the d = 3 case.

P-1-09
DOUBLE EXCHANGE MODEL IN CUBIC VANDATES
Krzysztof Wohlfeld and Andrzej M. Oles

Marian Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, PL-30059 Krakéw, Poland

Following the idea of the double exchange (DE) mechanism, we pose a question how
the C-type antiferromagnetic (AF) order (ferromagnetic chains staggered in two other
directions) of undoped LaVOs, stabilized by the superexchange spin-orbital model [1],
is modified under doping. In particular, we investigate the role of the DE mechanism for
stability of metallic and antiferromagnetic phase, which was observed experimentally
in Laj_,Sr, VO3 in the range of doping 0.178 < x < 0.26. The DE model treats
electrons in d,, orbitals as classical S = 1/2 spins, which interact by Hund’s exchange
Ju with d /., electrons in partly filled ¢z, orbitals. Including the orbital degeneracy of
doped holes and strong Coulomb repulsion U between t5, electrons, we investigate the
magnetic interactions and determine the phase diagram of the model using mean-field
approximation and slave boson method. We demonstrate that C-type AF and metallic
phase can be stabilized. The generic role of degenerate t5, orbitals in the present DE
model with orbital degeneracy is discussed and contrasted with the conventional DE
model, which involves partly filled e, orbitals and is used to describe doped manganites.

[1] G. Khaliullin, P. Horsch, and A. M. Ole$, Phys. Rev. Lett. 86, 3879 (2001).
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The properities of a charge density wave phase in the anharmonic
Holstein-Hubbard model : A variational approach.

P. Grzybowski
Institute of Physics, Adam Mickiewicz University, ul. Umultowska 85,
PL-61-614 Poznan , Poland

The Holstein-Hubbard model with anharmonic phonons is treated within a variational
canonical transformation framework. The non-perturbative nature of this method allows
a reliable inclusion of the effects of anharmonicity. An effective electron Hamiltonian
is derived, in which importantly the anharmonicity produces relatively large correlated
hopping terms. The half-filled n = 1 case is studied, in which the ground state is a
charge density wave phase. The ground state order parameter and critical temperature
dependence on the anharmonicity parameter « is calculated. A reasonable agreement
with earlier Quantum Monte Carlo method results is shown.

P-1-11
FINITE SIZE CORRECTIONS IN THE TWO-LEVEL BCS
MODEL

A. Ciechan and K. I. Wysokinski
Institute of Physics and Nanotechnology Centre,
M. Curie-Sklodowska University,
Radziszewskiego 10, P1 20-031 Lublin, Poland

The properties of nanoscale materials differ from those observed in bulk systems due
to discrete structure of their energy spectrum. In this work the small superconducting
grains modelled by two level system has been studied. The finite size correctionns to
the ground state energy, the average number of particles in each level and other charac-
teristics of the system has been studied by means of direct solution of the Richardson’s
model. We compare our results with those found in the literature and obtained by other
techniques.
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P-1-12
Stability of charge-stripe phases in a system of spinless fermions or
hardcore bosons

V. Derzhko® and J. Jedrzejewski®
%Institute of Theoretical Physics, University of Wroctaw, pl. Maksa Borna 9,
50-204 Wroclaw, Poland

We consider two strongly correlated two-component quantum systems, consisting of
quantum mobile particles and classical immobile particles. The both systems are de-
scribed by Falicov—Kimball-like Hamiltonians on a square lattice, extended by direct
short-range interactions between the immobile particles. In the first system the mobile
particles are spinless fermions while in the second one they are hardcore bosons. We con-
struct rigorously ground-state phase diagrams of the both systems in the strong-coupling
regime and at half-filling. Two main conclusions are drawn. Firstly, short-range interac-
tions in quantum gases are sufficient for the appearance of charge stripe-ordered phases.
By varying the intensity of a direct nearest-neighbor interaction between the immobile
particles, the both systems can be driven from a phase-separated state (the segregated
phase) to a crystalline state (the chessboard phase) and these transitions occur necessar-
ily via charge-stripe phases: via a diagonal striped phase in the case of fermions and via
vertical (horizontal) striped phases in the case of hardcore bosons. Secondly, the phase
diagrams of the two systems are definitely different. However, if the strongest effective
interaction in the fermionic case gets frustrated gently, then the phase diagram becomes
similar to that of the bosonic case. Influence of the hopping anisotropy on striped phases
has been considered.

P-1-13
CHARGE KONDO STATE IN THE (HARD CORE)
BOSON-FERMION MODEL

M. Sidowski and S. Robaszkiewicz
Institute of Physics, A. Mickiewicz University, ul. Umultowska 85, 61-614 Poznan,
Poland

We study the phase diagrams and thermodynamic properties of a system of coexisting lo-
cal pairs and itinerant electrons described by the (hard-core) boson-fermion model. The
model considered takes into account both the intersubsystem charge exchange coupling
Iy as well as the density-density interaction V. Up to now the studies of the model have
been concentrated on the superconducting (SC), charge ordered (CDW) and nonordered
(normal) phases. Here we will discuss the conditions of occurrence and the properties
of the so called charge Kondo state (CKS). One finds that such a state can be realized
in the present model if the charge exchange interaction is increased. The CKS being an
analogue of the magnetic Kondo state in the systems of the periodic Kondo lattice is
characterized by a compensation of a local charge moment (isospin singlet) and it can
compete with the superconducting and charge orderings. Within an extended mean-field
approximation a mutual stability of CDW, SC and CKS states are determined at T'= 0
for various lattice structures in the case of half-filled fermionic and bosonic bands. The
effects of increasing temperature on the properties of CKS are also discussed.
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P-1-14
PHASE DIAGRAMS OF THE EXTENDED HUBBARD MODEL
WITH TRANSVERSE (XY-TYPE) SPIN-EXCHANGE
INTERACTION

W. R. Czart and S. Robaszkiewicz
Institute of Physics, A. Mickiewicz University, ul. Umultowska 85, 61-614 Poznan,
Poland

The ground state properties of the extended Hubbard model with transverse (XY-type)
spin-exchange interaction (J;;”) are studied. The case of ferromagnetic (J;;’ > 0) and
antiferromagnetic (J;?" < 0) exchange couplings are considered. The analysis of the
model is performed for d-dimensional hypercubic lattices, including d = 1 and d = oo,
by means of the (broken symmetry) Hartree-Fock approximation and, for d = oo, by the
slave-boson mean-field method. Some rigorous results derived for the strong coupling
regime of the model for d = 1 are also presented. At half filling the ground state phase
diagram for d = 1 is shown to consist of ten different phases, including site and bond
located antiferromagnetic (SDW) and charge density wave (CDW) states, ferromagnetic
XY (F) state, the superconducting s-wave (SS) and p-wave (TS) states, as well as several
mixed phases with coexisting site and bond orderings. For d = oo the corresponding
diagram is simpler and consists of the phases involving exclusively site located orderings.
The obtained phase diagram for d = 1 is in agreement with results of recent studies
based on the continuum-limit approach and the density-matrix renormalization group

method.
P-1-15
Two dimensional model for correlated ¢, electrons
in doped nickelates

Krzysztof Rosciszewski® and Andrzej M. Oles®
®Marian Smoluchowski Institute of Physics, Jagellonian University, Reymonta 4,
PL-30059 Krakéw, Poland

The magnetic and orbital instabilities in e, band are relevant for the appearence of
novel phases with orbital and magnetic order, discovered in doped nickelates such as
Las_, Sty NiOy [1]. We investigate this problem using two-dimensional Hubbard type
model with two ey orbitals, with anisotropic hopping (dependent on orbital-phases) and
with intraorbital Coulomb and Hund’s exchange interactions. The insulating undoped
phase corresponds to two electrons per site.

The calculations were carried on 8 x 8 cluster: first, using Hartree-Fock approximation;
next, including the correlations implemented within (space-nonhomogeneous) Local-
ansatz-like method. Comaprison with mean-field (Hartree) results [2] is made. For
parameters of the model Hamiltonian which, presumably, are applicable to nickelates
we found that for the dopings ranging from 1/8 to 1/2 the most stable phases consist of
ferromagnetically ordered lines of spins with antiferromagnetic coupling between them
(C-AF phase). It was found that the correlations renormalised the HF ground state
energies but in no case was the renormalised HF ground state switched with higher lay-
ing metastable states. It was also found that the orbital ordering in space is weak but
couples to the spin order.

[1] J. M. Tranquada, et al., Phys. Rev. B 67, 012404 (2003).
[2] R. Frésard, M. Raczkowski,, and A. M. Ole$, Phys. Stat. Sol. (b) 242, 370 (2005).
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BCS-Bose condensation crossover in anisotropic superconductors

B. Tobijaszewska and R. Micnas
Institute of Physics, Adam Mickiewicz University, ul. Umultowska 85,
PL-61-614 Poznan , Poland

We analyze the crossover from BCS to local pair (LP) superconductivity for the dy2_,»-
wave pairing symmetry in the ground state. The thermodynamic and spectroscopic
characteristics of the extended Hubbard model with intersite electron pairing are ob-
tained for the 2D square lattice. The two crossover scenarios, density driven and inter-
action driven, are compared. The influence of the next-nearest neighbors hopping (¢2)
on the crossover is discussed. For [t2/t] < 0.5 crossover is simultaneous with the van-
ishing of nodal points in the quasiparticle energy, whereas for |t2/t| > 0.5 the crossover
is similar to that of s-wave type. The vanishing of nodal points is clearly reflected in
superconducting characteristics.

P-1-17
Charge transport within dynamical mean-field approach

R. J. Wojciechowski ¢ and B. Radzimirski®
%Institute of Physics,A. Mickiewicz University, 61-614 Poznan, Poland

The main goal of this paper is to employ the dynamical mean-field theory in the limit
of the infinite spatial dimensions and discuss transport properties of strongly correlated
systems. The dynamical mean-field method (DM F') maps the Hubbard model onto a
single impurity Anderson model, which has to be solved self-consistently.To solve the
Anderson model, we employ the iterative perturbation theory (IPT) developed in [1].
Within the I PT, the self-energy is expressed to the second order contribution with re-
spect to the on site Coulomb repulsion. In the DM F' approach, in the limit of infinite
spatial dimensions, the self-energy and all vertex functions are local and thus the trans-
port quantities can be calculated from the single-particle spectral function. Different
density of states are used to study a crossover from coherent Fermi liquid excitations
to incoherent excitations. This crossover is seen as a nonmonotonic temperature de-
pendence of various transport quantities such as the resistance, thermopower, and Hall
coefficient. The calculations are performed for arbitrary doping over a wide range of
temperatures.

1. H. Kajueter and G. Kotliar, Phys. Rev. Lett. 84,131 (1996).
2. J.K. Freericks, Pys. Rev. B70, 195342 (2004).

This work was supported in part by the Committee for Scientific Research under contract
PBZ-KBN-044/P03/2001

47



P-1-18
INFLUENCE OF THE SHORT RANGE ORDER (SRO) ON THE
ELECTRICAL CONDUCTIVITY OF THE MAGNETIC BINARY
ALLOYS IN THE PARAMAGNETIC STATE
M. Lipowczan® D. Stysiak’, W. Borgiel’,
“Department of Biophysics and Cell Biology, University of Silesia,
Jagiellonska 28, 40-032 Katowice, Poland
bChelkowski Institute of Physics,University of Silesia,
Uniwersytecka 4, 40-007 Katowice, Poland

The model of the magnetic binary alloy which contains interacting itinerant electrons
and localized spins was considered. The interaction between two kinds of electrons was
assumed to be in the simple local exchange form. The complicated many body problem
was reduced to the one particle one with the help of Coherent Potential Approximation
(CPA). Ttinerant electron selfenergy was calculated using standard Green’s function
technique with taking into account short range order within the localized spin system.
Electrons’ states were strongly affected by the magnetic ordering and correlations within
localized moments (when 7' > T). The DC electrical conductivity expressed by Kubo-
Grennwood alloy formula was calculated and analysed in detail in the paramagnetic
region. The temperature derivative of the resistivity j—; was found to be neither constant
nor equals to zero but was negative or positive in dependence on the model parameters
and had the structure just nearby the To + 0%. Our investigations have shown that
SRO in the localized spin subsystem has significant influence on the resistivity in the
temperature range [T¢,27¢].

P-1-19
DEVIATIONS FROM THE MATTHIESSEN’S RULE IN

MAGNETIC DISORDERED ALLOYS: THEORETICAL
INVESTIGATIONS
D. Stysiak ¢, W. Borgiel®, J. Deniszczyk °
“Chetkowski Institute of Physics,University of Silesia,
Uniwersytecka 4, 40-007 Katowice, Poland

bInstitute of Material Science, University of Silesia,
Bankowa 12, 40-007 Katowice, Poland

The model of the magnetic disordered alloys, including the itinerant electrons, local-
ized spins and phonons, was elaborated in details in the paramagnetic region with the
use of the Coherent Potential Approximatiom (CPA) approach. The expression for the
DC electrical conductivity was taken from the Kubo-Greenwood formula for the alloys.
The separate (residual, phonon and magnetic) contributions to the resistivity for the
temperatures above Curie transition temperature for different sets of the model param-
eters were calculated. The linear temperature dependence of the phonon contribution
to the resistivity was reproduced except from the anomalous behaviour observed for the
parameters sets for which the Fermi level locates near the bands edges. For the same
parameters sets our calculations showed the largest deviations from the Matthiessen’s
rule. Our model calculations confirmed the Matthiessen’s rule generalized to the case of
the three, residual, phonon and magnetic contributions to the resistivity of the magnetic
disordered alloys with the partially filled band when the Fermi level locates far from the
bands edges.
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P-1-20
Superconductivity in Strontium Ruthenate

Grzegorz Litak®?
¢ Department of Mechanics, Technical University of Lublin, Nadbystrzycka 36,
PL-20-618 Lublin, Poland
®Max Planck Institute for the Physics of Complex Systems, Nothnitzer Str. 38,
D-01187 Dresden, Germany

We analyze the possibilities of triplet pairing in SroRuO4 based upon a three orbital
and three dimensional model. Depending on the orbital dependent effective interactions
we find two possible gap models. In the first model the orbital dependent interlayer
attraction influences the quasi-particle spectra which have horizontal line or point nodes
on the a and (8 sheets and no nodes on the ~ sheet. In the other model there is
no interlayer interaction coupling and all bands are fully gaped. For both models we
show the quasi-particle density of states and the eigenvalues on the Fermi surface. The
corresponding calculated specific heat results are also compared to the experimental
data.

P-1-21
SIMPLE TOOLS TO UNDERSTAND CORRELATED SYSTEMS
WITH ORBITAL DEGENERACY

Marcin Raczkowski®’, Raymond Frésard’, and Andrzej M. Oles®
“Marian Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, PL-30059 Krakéw, Poland
Laboratoire CRISMAT, UMR CNRS-ENSICAEN(ISMRa) 6508, Caen, France

Correlated ey electrons exhibit a series of fascinating properties, in particular in cuprates
and nickelates. Here we present simple calculations meant to estimate the phase diagram
of the two-band Hubbard model. It is known to be very rich, in particular for e, electrons
in the vicinity of quarter-filling [1,2]. Indeed, in mean-field theory, various orbitally
polarized ferromagnetic and antiferromagnetic phases appear when the Hubbard U, the
Hund’s rule coupling Jy and the crystal field are varied. In particular ferromagnetism
(antiferromagnetism) is favored for Jy /U < (>) 0.2.

Here we show that the same tendency is reproduced when diagonalizing small clusters.
Moreover the phase diagram is very sensitive to the type of considered orbitals, being
eg or tag. The limits of a hopping expansion are also discussed.

[1] L. F. Feiner, A. M. Oles, and J. Zaanen, Phys. Rev. Lett. 78, 2799 (1997).
[2] R. Frésard, M. Raczkowski, and A. M. Oles, Phys. Stat. Sol. (b) 242, 370 (2005).
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0-2-01
INTRINSIC MECHANISM OF ANOMALOUS HALL EFFECT IN
A TWO-DIMENSIONAL MAGNETIC SYSTEM WITH
IMPURITIES

V.K. Dugaev®’, P. Bruno®’, M. Taillefumier®¢, B. Canals, and C. Lacroix®
¢CFIF and Departamento de Fisica, Instituto Superior Técnico, Lisbon, Portugal
bMax-Planck Institut fiir Mikrostrukturphysik, Halle, Germany
¢Laboratoire Louis Néel, CNRS, Grenoble, France

We discuss the mechanism of anomalous Hall effect related to the contribution of elec-
tron states below the Fermi surface (induced by the Berry phase in momentum space).
Our main calculations are made within a model of two-dimensional electron gas with
spin-orbit interaction of the Rashba type, taking into account the scattering from im-
purities. We demonstrate that such an ”intrinsic” mechanism can really dominate but
there is a competition between the geometric Berry-phase-induced term Jéé in the Hall
conductivity, and the impurity-induced term oZ , related to the contribution of states
in the vicinity of Fermi surface. We also show that the contribution to the Hall conduc-
tivity from electron states close to the Fermi surface has the intrinsic property as well,
and it does not vanish in the clean limit

The main effect of impurity-related conribution is a possible change of sign for the
off-diagonal conductivity. The resulting magnitude and sign of the Hall conductivity
strongly depend on the electron density in the system.

0-2-04
IMPORTANCE OF SPIN FLUCTUATIONS IN COUPLED
TWO-DIMENSIONAL MAGNETIC TRILAYERS

H. Wende, A. Scherz, C. Sorg, P. Jensen, M. Bernien,
N. Ponpandian, K. Baberschke
Fachbereich Physik, Freie Universitat Berlin, Arnimallee 14, D-14195 Berlin, Germany

Two ultrathin ferromagnetic films of Co and Ni separated by a non-magnetic spacer of
Cu are taken to study the spin-spin correlations of weakly coupled ferromagnets. The
Ni film thickness ranging between dy; = 2 — 6 monolayers (ML) is chosen to study the
2D — 3D dimensional crossover in ferromagnets. X-ray magnetic circular dichroism is
the ideal technique to study the temperature dependence of the magnetization of Co
and Ni separately. The spacer thickness ranges from d¢,, = 2 — 8 ML to monitor the
oscillatory behavior of the interlayer exchange coupling. The measured temperature-
dependent magnetizations and the corresponding Curie temperatures are accompanied
by a microscopic many-body Green’s function theory. Both experiment and theory
give firm evidence that for nanostructured magnets a static mean field description is
insufficient. It is demonstrated that higher order spin-spin correlations are important
and explain the observed increase of the Curie temperature by up to ~ 200 % due to the
interlayer exchange coupling. The results are visualized in a three-dimensional diagram
for the first time as a function of both the Ni thickness and the Cu spacer thickness.

Supported by BMBF (05 KS4 KEB/5) and DFG (Sfb 290, TP A2).
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0-2-05
?CHARGE SENSING” EFFECTS IN CONDUCTANCE
THROUGH QUANTUM DOTS AND POINT CONTACTS

Piotr Stefanski', Arturo Tagliacozzo? and Bogdan R. Bulka'
Mnstitute of Molecular Physics, Polish Academy of Sciences,
ul. M. Smoluchowskiego 17, 60-179 Poznan, Poland
bCoherentia-INFM, Unité di Napoli and Dipartimento di Scienze Fisiche, Universita di
Napoli "Federico IT”, Monte S. Angelo-via Cintia, I-80126 Napoli, Italy

We investigate the influence of charge dynamics on electronic transport through large
quantum dots (QD) and point contacts (QPC). Because of the complex energetic struc-
ture of the large dot and high anisotropy of hybridization of its levels with electrodes,
some electron charge can be accumulated within the dot area. It influences in capaci-
tative way the active in transport levels, which is manifested by saw-like pattern in the
conductance curve. This effect is called ”charge sensing”. Additionally, when a small
hybridization is present between transmitting channel and levels accumulating charge,
Fano resonances emerge in conductance. Their shape is also influenced by charge sens-
ing. We derive this effect starting from microscopic Hamiltonian. Similar effects have
been also experimentally observed in conductance through QPC when a QD is present
in the close vicinity of QPC. Our calculations are in good correspondence with these
data and capture the basic physics behind.

0-2-07
SPIN MODES IN SATURATED ELLIPICAL DOTS

F. Montoncello?, L. Giovannini®, F. Nizzoli®, G. Gubbiotti’, G. Carlotti °,
T. Okuno?, and M. Grimsditch®
“Dipartimento di Fisica, Universita di Ferrara, via del Paradiso 12 - 44100 Ferrara,
Ttaly
bIstituto Nazionale per la Fisica della Materia, Unita di Perugia, Via A. Pascoli,
1-06123 Perugia, Italy
“Dipartimento di Fisica, Universita di Perugia, I-06123 Perugia, Italy
dInstitute for Chemical Research, Kyoto University, Uji 611-0011, Japan
“Materials Science Division, Argonne National Laboratory, Argonne, IL 60439, USA

Brillouin light scattering spectra have been measured in arrays of permalloy elliptical
dots 15 nm thick, with major and minor axes 500 and 200 nm long. A magnetic field
of fixed magnitude (1.5 kOe) is applied along the easy and the hard axis. Several peaks
are resolved in both configurations. They are interpreted within the framework of the
recently introduced dynamical matrix model, in terms of modes localized at the dot
ends, or extending throughout the whole dot. Hybridization between these two families
is discussed in dependence of the direction of the applied field.
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0-2-08
ASYMMETRIC MAGNETIZATION REVERSAL IN
EXCHANGE-BIASED Co/Pt MULTILAYERS

Sebastiaan van Dijken®, M. Zoladz’, M. Czapkiewicz’, and T. Stobiecki’
¢ SFI Trintiy Nanoscience Laboratory, Physics Department, Trinity College, Dublin 2,
Ireland
b Department of Electronics, AGH University of Science and Technology, Krakéw
30-059, Poland

A detailed study of the magnetization reversal process in [2 nm Pt/t nm Col3/10 nm
IrMn/2 nm Pt multilayers with 0.4 nm < t < 0.9 nm is presented. The films with t =
0.4 nm exhibit a square hysteresis with full out-of-plane remanence and a perpendicular
exchange bias field (uoHep) of 10.2 mT. For t > 0.5 nm, however, the magnetization
curves are highly asymmetric. Kerr microscopy images reveal that the reversal pro-
cess is different in the two branches of the hysteresis curves: In one of the branches
magnetization reversal proceeds by the nucleation of numerous small inverse domains,
whereas in the other a few inverse domains steadily grow by domain wall propagation.
This asymmetry is explained by a lateral variation in the perpendicular exchange bias
direction due to the growth of IrMn onto multidomain ferromagnetic Co/Pt multilayers.
Annealing at 220°C for 1 hour in a perpendicular applied field of 0.8 T removes the
switching asymmetry. For these films a maximum exchange bias field of 16.3 mT is
obtained for t = 0.7 nm. This indicates that the relation pgH e, ~ 1/t does not hold for
Co/Pt multilayers with small Co layer thickness.

0-2-09
MAGNETIZATION DYNAMICS OF PERPENDICULAR
EXCHANGE-BIASED (Pt/Co)-Pt—IrMn MULTILAYERS
STUDIED BY MOKE MICROSCOPY AND MAGNETOMETRY

M. Czapkiewicz®, Sebastiaan van Dijken®, T. Stobiecki,® R. Rak®,
M. Zotadz® and P. Mietniowski®
%Dep. of Electronics, AGH Univ. of Science and Technology, Krakéw 30-059, Poland
YSFI Trintiy Nanoscience Lab., Physics Department, Trinity College, Dublin 2, Ireland

The magnetization dynamics of [2 nm Pt/5 nm Cols/t nm Pt/10 nm IrMn/2 nm Pt
multilayers, in which a ferromagnetic multilayer with perpendicular magnetic anisotropy
is separated from an IrMn antiferromagnet by a thin Pt insertion layer with 0.1 nm <
t < 1.2 nm, has been investigated by Kerr magnetometry and Kerr microscopy. The
insertion of 0.1 nm thick Pt enhances the exchange bias field (poHep) from 20 mT to 28
mT above which it decreases exponentially with increasing Pt layer thickness. We show
from relaxation measurements of the magnetization M (t)as well as by direct observation
of magnetic domains, that the magnetization reversal at maximum H,;, takes place by
the nucleation of isolated cylindrical domains with different nucleation density sites for
the forward and backward branches of the hysteresis loop. For a Pt layer thickness larger
than 0.4 nm magnetization reversal proceeds by domain wall movement. All the results
will be quantitatively analyzed using Fatuzzo' theory. The origin and magnitude of the
activation energies for the domain nucleation and domain wall movement processes will
be discussed.

[1] E. Fatuzzo, Phys.Rev. 127 (1962) 1999
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0-2-10
Wave-packet dynamics of Bloch electrons — role of Berry phase

Ken-Ichiro Imura® and Ryuichi Shindou®
“Condensed Matter Theory Laboraoty, RIKEN (Wako), Hirosawa 2-1, Wako, Saitama
351-0198, Japan.
bDepartment of Physics, University of Tokyo, Hongo 7-3-1, Bunkyo, Tokyo 113-0033,
Japan.

Motivated by a recent proposal on the possibility of observing a monopole in the band
structure, and by an increasing interest in the role of Berry phase in spintronics, we
reconsidered the problem of adiabatic motion of a wave packet of Bloch functions, under
a perturbation varying slowly and incommensurately to the lattice structure. We showed,
using only the fundamental principles of quantum mechanics, that the effective wave-
packet dynamics of Bloch electrons is conveniently described by a set of equations of
motion (EOM) in which a nonabelian Berry phase associated with an internal degree of
freedom appears. We then apply our wave-packet dynamics to the analyses on transport
phenomena such as charge/spin Hall-type/polarization currents. We also discuss its
relevance to the physics of orbital current as well as transport through a magnetic
domain wall, which may serve as a probe for detecting and controling Berry phase.

0-2-11
FERROMAGNETIC (Eu,Gd)Te SEMICONDUCTOR LAYERS

T. Story®, P. Dziawa®, V. Osinniy®, M. Arciszewska®,
W. Dobrowolski?, W. Domuchowski?, K. Dybko“, O. Fedorych?,
E. Lusakowska®, B. Taliashvili, C.J.P. Smits’, H.J.M. Swagten’

“Institute of Physics, Polish Academy of Sciences, Warsaw, Poland
YDepartment of Physics, Eindhoven University of Technology, The Netherlands

In (Eu,Gd)Te magnetic semiconductor alloys the substitution of Gd** ions for Eu?* ions
creates a high concentration of quasi-free electrons and transforms EuTe (a well known
antiferromagnetic compound) into a ferromagnetic (driven by RKKY interaction) n-type
semiconductor alloy. This material is expected to have a very high degree of electron
spin polarization and can serve as a spin injector in model semiconductor spintronic
heterostructures. We studied the electron concentration induced magnetic transition in
monocrystalline layers of (Eu,Gd)Te grown by MBE technique. By variation of Gd con-
tent and stoichiometry both n-type and insulating layers of (Eu,Gd)Te were obtained
with ferromagnetic state found only in conducting layers. The ferromagnetic transi-
tion in (Eu,Gd)Te is also observed in electron transport as a peak of resistivity at the
Curie temperature and a strong negative magnetoresistance. The magnetic properties of
(Eu,Gd)Te layers will be discussed based on experimental studies of magnetization, ac
magnetic susceptibility, and ferromagnetic resonance revealing the ferromagnetic transi-
tion temperature T.=11-15 K as well as a dominant easy-plane type of magnetic (shape)
anisotropy with negligible in-plane magnetocrystalline anisotropy.
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Kondo effect in the presence of ferromagnetism
J. Martinek,*%¢ J. Barna$,*? J. K6nig,® G. Schon,’
S. Maekawa,® J. von Delft,” D.C. Ralph?

“Institute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznari, Poland
*Institut fiir Theoretische Festkorperphysik, Universitéat Karlsruhe, 76128 Karlsruhe, Germany
“Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
4Department of Physics, Adam Mickiewicz University, 61-614 Poznan, Poland
“Institut fur Theoretische Physik III, Ruhr-Universitat Bochum, 44780 Bochum, Germany
f Physics Department and Center for NanoScience, LMU Miinchen, 80333 Miinchen, Germany
9 Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca NY 14853, USA

We study the Kondo effect in a quantum dot (QD), which is coupled to ferromagnetic
leads, and analyze its properties. Based on a scaling analysis we first show that a splitting
of the Kondo resonance similar to the usual magnetic-field-induced splitting will appear
due to exchange interaction with leads. The most important result is that this splitting
can be fully compensated by an appropriately tuned external magnetic field and the
strong coupling limit of the Kondo effect can be restored. We adapt the NRG method
to the case of a QD coupled to ferromagnetic leads. We show that the Kondo effect in the
presence of ferromagnetic leads has unique properties such as a strong spin polarization
of the density of states at the Fermi level. In addition, we find, surprisingly, that even
in the presence of strong spin asymmetry in the QD spectral function at the Fermi level,
the ground state of the system has a fully compensated local spin and displays Fermi
liquid behavior. We also analyze the nonlinear transport through the QD. We find that
for parallel alignment of the lead magnetizations the zero-bias anomaly is split. This
splitting can be removed by appropriately tuning of a magnetic field. In the antiparallel
configuration of the lead magnetizations and symmetric coupling no splitting occurs.
New experimental results for a single Cgy molecule confirm our theoretical predictions.

0-2-13
SPIN TRANSPORT IN DISORDERED SINGLE-WALL CARBON
NANOTUBES CONTACTED TO FERROMAGNETIC LEADS

S. Krompiewski%, G. Cuniberti’, and N. Nemec?,
@ Institute of Molecular Physics, Polish Academy of Sciences,
ul. M.Smoluchowskiego 17, 60-179 Poznan
*Institute for Theoretical Physics, University of Regensburg, D-93040 Regensburg

Recent conductance measurements on multi-wall carbon nanotubes (CNTs) show that
they effectively behave similar to disordered single-wall CNTs [1]. This is due to the
fact that electric current flows essentially through the outermost shell and is strongly
influenced by inhomogeneous electrostatic potential coming from the inner tubes. Here
we present theoretical studies of spin-dependent transport through disorder-free double-
wall CNTs as well as single-wall CNTs with Anderson-type disorder. The CNTs are
end-contacted to ferromagnetic electrodes modelled as fcc (111) surfaces [2]. Our results
shed additional light on the giant magnetoresistance effect in CNTs. Some reported
results concern realistically long CNT's, up to several hundred nanometers.

[1] R. Egger and A. O. Gogolin, Phys. Rev. Lett. 87, 066401 (2001); B. Stojetz et al.,
cond-mat,/0410764, (2004).

[2] S. Krompiewski et al., Phys. Rev. B 69, 155423 (2004), phys. stat. solidi (b) 242,
926 (2005)
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0-2-14
ELECTRONIC STRUCTURE AND PARITY EFFECTS IN
CORRELATED NANOSYSTEMS

A. Rycerz” and J. Spalek”
®Marian Smoluchowski Institute of Physics, Jagiellonian University,
Reymonta 4, 30-059 Krakéw, Poland

We discuss the spectral, transport and magnetic properties of quantum nanowires com-
posed of single atoms and containing either even or odd numbers N < 13 of valence
electrons. In our approach we combine Exact Diagonalization and Ab Initio calcula-
tions (EDABI method [1]). The analysis is performed as a function of the interatomic
distance. The momentum distribution differs drastically for those obtained for even N
with those for odd N, whereas the Drude weight of the optical conductivity evolves
smoothly. An appearance of magnetic, Slater-type splitting in electronic structure is
demonstrated and explained [2]. A nontrivial role of boundary conditions is stressed.

[1] J. Spalek et al., Phys. Rev. B 61, 15676 (2000); A. Rycerz and J. Spalek, ibid. 65,
035110 (2002).
[2] A. Rycerz and J. Spalek, Eur. Phys. J. B 40, 153 (2004).
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Monte- Carlo Simulation of Solid State and Melting of 2D Confined
Magnetic Particles

Jean-Claude S. Levy* and Abdelwahab Ghazali**
* MPQ, CNRS UMR 7162 Universite Paris 7, 75251 Paris Cedex 05 France
* INSP CNRS UMR 7588 Universite Paris 6, Campus Boucicaut, Paris France

Numerous systems correspond to confined magnetic particles interacting through dipo-
lar interactions : magnetic particles, flux lines in superconductors, charged colloids.
Because of the long range dipolar interaction, the ground state and excited states of
such 2 D system are not simply found. Here from careful extended Monte-Carlo simu-
lations the ground state is obtained and shown to be derived from a triangular lattice
with a few layers stuck to the confinement boundary. The most common solid state
obtained by relaxation from a random configuration is found to be an excited state
composed of many triangular crystallites separated by lines of alternate topological de-
fects with five and seven nearest neighbors. The melting of these two solid phases gives
finally a common liquid phase as expected. But the melting of the ground state hap-
pens as a sharp first order transition while the melting of the excited state happens
as a continuous vitreous transition which starts at low temperature with the motion of
topological defects on their defect lines, while the rest of the sample remains solid, as
a two component medium. These results are compared to experimental and numerical
results of corresponding experiments with such Wigner glass and Wigner crystal. The
elastic properties of these solid states are also considered.
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On the prospects of probing surface magnons
using Atomic Beam Spin Echo

M. DeKieviet®, H. Hafermann®
“Physikalisches Institut Universitdt Heidelberg
Philosophenweg 12
69120 Heidelberg

The Atomic Beam Spin Echo technique is a novel, powerful tool for investigating surface
dynamics, including quasi- and inelastic processes. In this atom interferometry method,
we combine the exclusive surface sensitivity of thermal atom scattering with the neV res-
olution of in-beam magnetic resonance techniques. Using *He atoms as a non-magnetic
probe, we succeeded to resolve time correlations at the surface in the ps through ns
range. In a theoretical study we have recently shown that, by using the spin magnetic
moment of atomic hydrogen, this method may be applied to the study of fast surface
magnetization dynamics including surface magnons. In particular, we show that this
method may be used for the determination of surface magnon dispersion curves since
they produce a unique signature in the expected spin echo signal. We will present data
from first atomic hydrogen spin echo experiments and address its perspectives.

P-2-01
IMAGING MAGNETIC MICROSTRUCTURES
WITH THE USE OF ELECTRONS

Witold Szmaja,* Jézef Balcerski,” and Ken Makita®
?Solid State Physics Dept., LédZ University, Pomorska 149/153, 90-236 Lédz, Poland
"'NEOMAX Co., Ltd., 2-15-17 Egawa, Shimamotocho, Mishimagun
Osaka 618-0013, Japan

Magnetic domains can be observed by a number of methods, involving different phys-
ical principles of magnetic contrast formation. The subject of interest of the present
paper is studying magnetic microstructures by some of the techniques which make use
of electrons. In this context, we refer to the examples of magnetic microstructure im-
ages of cobalt monocrystals, Nd-Fe-B permanent magnet and a thin permalloy film,
while the methods used are the type-I magnetic contrast technique of scanning elec-
tron microscopy (SEM), the colloid-SEM method and the Fresnel mode of transmission
electron microscopy (TEM). It is shown that the SEM type-1 magnetic contrast and
the colloid-SEM method have quite different probing depths and consequently provide
useful complementary information on the magnetic microstructure at the surface of bulk
materials which exhibit an out-of-plane component of magnetization. Improved results
were achieved with the colloid-SEM technique, both from the viewpoint of the spatial
resolution and the quality of the original images obtained. It is demonstrated that TEM
is a very valuable method for investigating the magnetic microstructure of thin mag-
netic films, mainly because of its high spatial resolution and high sensitivity to small
variations in the magnetization.
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Domain structure of NiFe/Au/Co/Au multilayers with
perpendicular anisotropy

M. Urbaniak®, F. Stobiecki®, D. Engel’, B. Szymarnski®, A. Ehresmann®,
JinBae Kim*
“Institute of Molecular Physics PAN, ul. Smoluchowskiego 17, 60-179 Poznan, Poland
’Dept. of Physics, Kaiserslautern Univ. of Technology, D-67663 K’lautern, Germany
“Hanyang Univ., 17 Haengdang-Dong, Sungdong-gu, Seoul, 133-791 Korea

The magnetic properties of sputtered [NiggFea(2 nm)/Au(tay)/Co(tco)/Au(tan)]1s mul-
tilayers with £4,=1.5-3 nm and tc,=0.6-1.5 nm were investigated with magnetic force
microscopy. The NiFe layers possessed in-plane anisotropy while the sandwiching of Co
layers between Au layers ensured their perpendicular anisotropy through the influence
of a surface anisotropy. It led to the formation of maze configuration of stripe domains.
The stripe domains period A strongly depends on t¢, changing from 0.9 to 0.3 um when
tco changes from 0.6 to 0.8 nm. A increases with the Au layers thicknesse, too. Both de-
pendencies can be qualitatively understood by the model of Draaisma and de Jonge [1].
It describes however, a multilayer with all sublayers possessing perpendicular anisotropy
in contrast to our case. Therefore the exact estimate of the effective magnetic anisotropy
with the above model is not possible. The values of stray fields acting on Py layers, in
the range of 100 kA /m, estimated from magnetoresistive dependencies are in qualitative
agreement with those evaluated from the model of infinitely long stripe domains with
domain widths taken from magnetic force microscopy measurements.

[1] H. J. G. Draaisma and W.J.M de Jonge, J. Appl. Phys. 62, (1987) 3318
P-2-03
Superconducting and magnetic properties of large-angle bismuth
bicrystals

F.Muntyanu®®, A.Gilewski’, K.Nenkov®, J.Warchulska®, A.Zaleski?
“Institute of Applied Physics, Academy of Sciences of Moldova, Academy str.5,
MD-2028 Chisinau, Moldova
*International Laboratory of High Magnetic Fields and Low Temperatures, 95
Gajowicka St., 53-421 Wroclaw, Poland
“Institut fur Festkorper- und Werkstofforschung Dresden, P.O. Box 270116, D-01171,
Dresden, Germany
4Polish Academy of Sciences, Institute of Low Temperature and Structure Research,
P.O.Box 1410, 50-950 Wroclaw, Poland

Magnetic moment measurements in large-angle (@ > 30°) bicrystals of bismuth with
crystallite interface (CI) of twisting type were performed by use of a Cahn balance,
PPMS and SQUID magnetometers. Bicrystals were obtained by zone recrystallization
method using double seed technique. The magnetic properties of bicrystals essentially
differ from well-known results on single-crystal bismuth (the paramagnetism of charge
carriers become stronger, the diamagnetism rise, etc). Two superconducting phase at
CI of bicrystals with T, ~ 8.4 K (for some bicrystals Tppser ~ 16 K) and T, ~ 4.3 K was
observed (ordinary rhombohedral Bi is not a superconductor). It was shown that one of
them (phase with T, ~ 8.4 K is localized in central part of CI and have an upper critical
field ~ 2.5 T, and a coherence length ~ 12 nm. Also it was found that in adjacent layers
(width of layer L, ~ 20 nm) of CI the density of electrons is lower than in central part
and is significant the proximity effect.
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Magnetic domain structure of micro-patterned PtMn/CoFe
exchange bias bilayers

M. O. Liedke®’, K. Potzger®, B. Hillebrands®, J. McCord®, M. Rickart?,
P. Freitas? and J. Fassbender®
*FZ Rossendorf, 01314 Dresden, Germany
*TU Kaiserslautern, 67663 Kaiserslautern, Germany
‘TFW Dresden, 01169 Dresden, Germany
4INESC MN, 1000 Lisboa, Portugal

Using magnetron sputter deposition a number of glass/Ta 70 A/PtMn 200 A /CoFe 40
A /Ta 40 A samples with large exchange bias field were prepared for magnetic pattering
investigations. By means of optical lithography and physical etching several patterns
with decreasing lateral sizes of either the elements or the spacing between the elements
were prepared. The largest square is 50 x 50 pm? and the smallest only 1 ym?. The
separating lines range from 10 pm to 2 pm width. The magnetic characterization of the
samples was done by VSM and MOKE. Kerr microscopy and MFM investigations in an
applied magnetic field have been performed in order to get a deeper understanding of the
domain pattern. All images show a monodomain magnetization state in zero magnetic
field. The shape of the structure itself dose not influence the magnetization direction.
The shape anisotropy contribution is thus smaller than the unidirectional anisotropy
given by the exchange bias. In addition 5 keV He™ ion irradiation was used to decrease
exchange bias field value and thereby modify the ratio between unidirectional and shape
anisotropy. The magnetic domain structure is investigated as a function of this ratio.

P-2-05
Electrical Transport in Strained Lag7Cag3MnO3 Films

V. Markovich ¢ E. Vlakhov ¢ Y. Yuzhelevskii ®* G. Gorodetsky ©
B. Blagoev ¢ and K.Nenkov®*®
“Department of Physics, Ben-Gurion University of the Negev, 84105 Beer-Sheva, Israel

Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko

Chaussee Blvd, 1784 Sofia, Bulgaria
“International Laboratory for high Magnetic fields and Low Temperatures, 95
Gajowicka Str., 53 421 Wroclaw, Poland
dInstitute of Electronics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee
Blvd, 1784 Sofia, Bulgaria
¢Institut fur Festkoerper- und Werkstofforschung Dresden, P.O.Box 270016, O1171,
Dresden, Germany

Magnetotransport properties of 15 nm Lag 7Cag.3MnOs3 thin films deposited on (100)
LaAlO3 substrate were investigated. Fine balance between the charge ordered insulating
phase and ferromagnetic metallic phase results in the number of glassy features: signif-
icant hysteresis phenomena, memory effects and long-time relaxation of resistivity at
turning on and off of magnetic field in wide temperature range 10 - 220 K. In this tem-
perature range the resistance of the Lag.7Cag.3MnOs films decreases significantly with
current, exhibiting a nonlinear conduction, which cannot be explained by homogeneous
Joule heating of the films. Effect of current on the resistance follows the temperature
dependence of magnetization. Magnetotransport properties of strained thin films are
discussed in the frame of cross-coupling of charge, spin and strain.
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ELECTRIC CHARGE TRANSPORT IN HOLMIUM THIN FILMS
AT LOW TEMPERATURES AND IN MAGNETIC FIELD

J. Dud43®, S. Gabani®, K. Flachbart®, I. Goséianska®, V. Kaveéansky?,
M. Guzan®, M. Koné&?
%Technical University, Park Komenského 3, 043 89 Kosice, Slovakia
bInstitute of Experimental Physics, SAS, Kogice, Slovakia
¢ Institute of Physics, A. M. University, Poznan, Poland
dnstitute of Physics, P. J. Safarik University, Kosice, Slovakia

High precision electrical resistance measurements were performed on holmium bulk and
thin film samples prepared in ultrahigh vacuum in the temperature range between 4.2 K
and 300 K, and in magnetic field up to 5 T. A “knee-like” resistance anomaly was
observed near the magnetic phase transition from paramagnetic state to basal-plane
spiral antiferromagnetic structure (Tyy = 128.9 K) in the bulk and below 122 K in thin Ho
films having a thickness between 98 nm to 215 nm. Numerical analysis of experimental
R vs. T data yielded the transition to magnetic cone-shape structure in bulk Ho at
Tc = 19 K. Application of magnetic field parallel to the substrate at temperatures below
~ 150 K caused a decrease of resistance with increasing field. Moreover, a suppression of
the T value up to ~ 5 K with increasing field up to 5 T was observed. An unexpected
resistance minimum at ~ 9 K and a slope‘s change of the R vs. T curve near ~ 170 K
was observed in 215 nm thin film. X-ray diffraction of Ho films revealed diffraction peaks
originating from the h.c.p. structure of Ho and those from holmium dihydride.

P-2-07
Spin accumulation, spin currents, and torque, in the problem of
motion of a sharp domain wall in magnetic nanowires

V. R. Vieira%, P. D. Sacramento®, V. K. Dugaev®’, and J. Barnas®
®CFIF and Departamento de Fisica, Instituto Superior Técnico, Lisbon, Portugal
bFrantsevitch Institute for Materials Science, NASU, Chernovtsy, Ukraine
¢Department of Physics, Adam Mickiewicz University, Poznan, and
Institute of Molecular Physics, PAS, Poznan, Poland

We consider the motion of a sharp domain wall in magnetic nanowires with electric
current. The width of the domain wall is much smaller than the electron wavelength,
which is typical for magnetic semiconductors. We calculate the distributions of the spin
density and the spin current related to different modes of the scattering states. The
accumulated transverse components of the spin density and the spin current oscillate in
the vicinity of the wall and they essentially affect its dynamics whereas the longitudinal
part of the spin current is responsible for another component of the spin torque creating
a force for the current-induced motion of the domain wall along the nanowire.

We also analyze the dynamics of the sharp domain wall using the standard Landau-
Lifshits-Gilbert formalism and the two-component spin torque calculated for this model.
We demonstrate that the domain wall changes its shape depending on the velocity of
the motion, and we calculate this velocity as a function of the electric current.
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The influence of roughness on some magnetic properties of layered
structures of Fe, Co separated by Cu or Au

I. Staniucha and A. Urbaniak-Kucharczyk
Department of Solid State Physics, University of Lodz
Pomorska 149/153 P1-90236, Lodz, Poland

The system of two magnetic (M) layers divided by nonmagnetic (N) spacer is consid-
ered. Roughness in the interface region is introduced employing model proposed by
Bruno and Chappert [1, 2]. Presence of roughness leads to modification of the interface
exchange parametr and interface anisotropy in comparison to samples with ideal inter-
face. The magnetisation distribution and Curie temperature has been calculated using
Green function formalism [3] for systems consisting of Fe or Co standing for M and Cu
or Au standing for N, respectively. Parameters corresponding to GaAs have been taken
into account to characterize the substrate. The results obtained show decreasing of Curie
temperature and shift of magnetisation curve with incresing of roughess parameter.

P-2-09
Spin wave parameter in the system of non-equivalent exchange
coupled-layers

A. Urbaniak-Kucharczyk®? and F. L. Castillo Alvarado®
“Escuela Superior de Fisica y Matematicas
Instituto Politechnico Nacional
Edificio 6 UPLAM, Delegado G.A. Madero
07738 Mexico District Federal, Mexico
"Department of Solid State Physics, University of Lodz
Pomorska 149/153, P1-90236 Lodz, Poland

The system of two ferromagnetic layers described by different exchange parameters and
indirectly coupled by nonmagnetic spacer has been considered in low temperature re-
gion. Special attention has been paid to the influence of anisotropy in the surface and
interface region on the temperature dependence of magnetisation. The range of interac-
tion parameters for which the Bloch’s T3/2 was fulfilled has been determined employing
Green function formalism. It has been shown that the spin wave parameter B was fluc-
tuating as a function of spacer thickness and its value was increasing with decreasing of
thickness of constituent layers. Significant influence of the substrate on the amplitude
of B parameter has been also found.
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AN EXTENDED BOLTZMANN FORMALISM FOR TRANSPORT
DESCRIPTION IN THIN Fe-Cr-Fe TRILAYERS

K. Warda®, L. Wojtczak?®, D.Baldomir?, M. Pereiro®, J. E. Arias®, J. Castro®
%Solid State Physics Department, University of Lédz, 90-236 Lédz
ul. Pomorska 149/153, Poland
bFacultade de Fisica, Departamento de Fisica Aplicada
15706 Universidad Santiago de Compostela, Spain

We present the calculations of Giant Magnetoresistance (GMR) for the thin trilayers
nFe/3Cr/nFe where 1 < n < 8 for the slab geometry. All parameters used for calcu-
lations, i.e., the layer potential, the relaxation time, the effective mass and the Fermi
energy are determined on the basis of ab initio calculations for the electronic structure of
the considered trilayer when the spin polarisation is taken into account. The comparison
of semiclassical approach based on the Boltzmann formalism is given. The value of the
specularity factor in the Fuchs-Sondheimer theory responsible for scattering electrons
from metallic surface is found in an analytical way. The results show an increase of
GMR for the samples with different ferromagnetic layer thickness when compared with
those obtained from the standard Boltzmann theory.

P-2-11
SPIN -MIXING INTERFACE CONTRIBUTION
TO MAGNETORESISTANCE IN TRILAYER

K. Warda®, L. Wojtczak?®, G. Wiatrowski®, D. Baldomir’, M. Pereiro®,
J.E. Arias®
“Solid State Physics Department, University of Lodz, 90-236 Lédz
ul. Pomorska 149/153, Poland
bFacultade de Fisica, Departamento de Fisica Aplicada
15706 Universidad Santiago de Compostela, Spain

We discuss the transport properties of trilayer A(n)/A.Bi_./B(p)/A.Bi—c/A(n) includ-
ing the structure with two mixed interfaces A.B;_.(S4 = 1, S = 1/2) for arbitrary
concentration ¢ of A-spins. The existence of enhanced or diminished interface magnetism
leads to a strong inhomogenity of the potential in the interface region. The complex
interface potential behaviour constitutes the additional source of electron scattering at
the interface and contributes significantly to GMR-effect in trilayer. The matching con-
ditions for electron distribution functions as well as the value of the magnetoresistance
are presented. The obtained results are compared with those of different model results
accessible in literature.
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EFFECT OF STRUCTURAL DISORDER ON THE ELECTRONIC
STRUCTURES, MAGNETIC, MAGNETO-OPTICAL AND
OPTICAL PROPERTIES OF NizMnGa AND Co;MnGa HEUSLER
ALLOY FILMS

Y. V. Kudryavtsev,” V. A. Oksenenko?, J. Dubowik,” Y. P. Lee® and J. Y.
Rhee

Amorphous (disordered) as well as L2;-type (ordered) NisMnGa and CooMnGa alloy
films have been fabricated by flash evaporation onto substrates cooled by liquid nitrogen
and warmed up to 720 K, respectively. The ordered films exhibit the physical [magneto-
optical (MO), optical and magnetic| properties close to the properties of corresponding
bulk alloys. The nature of the interband absorption peaks in the optical conductivity
spectra for the ordered alloys was interpreted in terms of their band structures. The
significant effect of the structural disorder on the optical, MO and magnetic properties
of NioMnGa and CosMnGa was experimentally observed and discussed in terms of elec-
tronic structure of alloys. Thus, for example, the disordered NisMnGa films show no
ferromagnetic ordering down 5 K, while CooMnGa ones noticeable reduce their magne-
tization.

P-2-13
Simulated and Measured Hysteresis Curves for Permalloy Based
Thin Films

M. Volmer’ and J. Neamtu®
“Research and Development Institute for Electrical Engineering, Splaiul Unirii 313,
Bucharest 030138, Romania
bTransilvania University, Eroilor 29, Brasov 500036, Romania

A computer micromagnetic simulator was used to obtain the hysteresis curves for thin
films of permalloy (NiFe) and NiFe/Cu/NiFe multilayers. The thickness of the permalloy
layers was ranged between 10 and 100 nm. The thickness of the Cu interlayer was 4 nm.
The magnetic measurements were made with a Vibrating Sample Magnetometer. The
agreement between measured and simulated curves is very good when the permalloy
layer is thinner than 100 nm. For a 10 nm NiFe layer the simulation gives a coercive
field of 15 Oe. For a NiFe(10 nm)/Cu( 4nm)/NiFe(10 nm) we obtained from simulation
a coercive field of about 50 Oe and a value for the remnant to saturation magnetisation
ratio of about 0.36. The measured values for the same parameters were 60 Oe and
0.32 respectively. To obtain these values we used a grid or two grids of 12x12 single
domains, square shape, whose dimensions are inspired from the film structure. For the
NiFe/Cu/NiFe multilayer, each single domain is 10 nm thick and 95 nm each side. The
distance between the adjacent domains was 5 nm. The thickness of the Cu layer is, in
our simulation, the distance between the two grids. Between the top and the bottom
layers we introduced coupling fields that have random values from 30 to 60 Oe. The
data are very sensitive on the right choice of the parameters used for simulation.
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Magnetic interlayer coupling across parabolic quantum well

Wojciech Gruhn?
%Institute of Physics, JD University, 42-200 Czestochowa, Poland

The physics of quasi-2D electron gas /2DEG/ has been influencial in condensed matter
magnetism research since the discovery of the oscillatory interlayer coupling in magnetic
superlattices. In case of rectanglar profiles of the quantum-wells /QW/ formed by the
superlattice potential the theory of interlayer coupling was elaborated over ten years
ago. However, there is only limited progress in description of magnetic interactions in
the nonsquare-QW superlattices [1], [2]. In our contribution we will present theory of
interlayer coupling in the case of parabolic QW system. Contrary to the conventional
models based on perturbative or total energy approaches we exploit the similarities of the
quasi-2DEG oscillations within parabolic QW to the de Haas-van Alphen effect [3]. We
derive formula for the interlayer coupling parameters as the function of potential barrier
heights and the nonmagnetic layer thickness. Applications of the results obtained to the
description of real systems will be widely discussed.

[1] Z. Bak, R. Jaroszewicz, W. Gruhn : J. Mag. Mag. Mater. 213, 340 (2000).
[2] Z. Bak Solid State Commun. 118, 43 (2001).
[3] D. M. Edwards: Phys. Rev. Lett. 67, 493 (1991)
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MAGNETIZATION DISTRIBUTION IN ULTRATHIN
MAGNETIC FILM NEAR PHASE REORIENTATION WITH

REGARDS TO THE SECOND MAGNETIC ANISOTROPY
CONSTANT

W.Stefanowicz®, A.Maziewski%, V.Zablotskii®®
“Institute of Experimental Physics, University of Bialystok, Lipowa 41, 15-424
Bialystok, Poland
PInstitute of Physics ASCR, Na Slovance 2, 18221 Prague 8, Czech Republic

Wide scale thickness and field-driven evolution of magnetization distributions in ultra-
thin magnetic films was recently studied’. It was shown that the sinusoidal-like domains
appearance shifts the reorientation phase transition (RPT) aside the smaller values of
Q (=K1/2Ms?) the relation between anisotropy and demagnetizing energies). Here, by
micromagnetic simulations and analytically we study the magnetic states of laterally
infinite ultrathin films of different values of Q and K2 (the second anisotropy constant).
We show that influence of positive K2 results in a prolongation of the stability region of
the sinusoidal domain structure and in an additional shift of Q determining the RPT.
The metastability states coexistence of the in-plane and perpendicular magnetic phases,
were studied for negative values of K2. Domains sizes and domain phases liability bound-
aries were determined.

M. Kisielewski, A. Maziewski, T. Polyakova, and V. Zablotskii. Phys. Rev. B 69,
184419 (2004).
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Magnetic viscosity in soft magnetic nanocrystalline FeNbB alloys

I. Skorvanek and J. Kovaé
Institute of Experimental Physics, Slovak Academy of Sciences, Watsonova 47,
SK-043 53 Kosice, Slovakia

The attention of the present work is focused on the study of the magnetic viscosity at
elevated temperatures in the nanocrystalline ternary Fegg sINb7B15 alloy with a low and
medium volumetric fraction of nanocrystalline particles. An analysis of the logarithmic-
like time creep of magnetization below and above the Curie temperature of the amor-
phous matrix, T (am), enabled us to calculate the corresponding values of the fluctuation
field, H, and the activation volume, V,., of the soft magnetic specimens. We have found
that slightly below Tt (am), the estimated activation volume is rather large and involves
more than 102 grains. Above T, (am), Ve is strongly reduced but it is still larger than
the size of single nanocrystalline grains. This indicates that above T.(am), the bee-Fe
particles are still interacting and Vet involves several grains coherently reversing their
magnetic moments.

P-2-17
MICROSTRUCTURE AND EXCHANGE COUPLING
PARAMETERS OF MTJ WITH CoFeB BOTTOM ELECTRODE

J. Kanak®, T. Stobiecki?, O. Schebaum®, H. Briickl’ and G. Reiss’
®AGH University of Science and Technology, Department of Electronics,
al. Mickiewicza 30, 30-059 Krakéw, Poland
bUniversity of Bielefeld, Department of Physics, Nano Devices Group,
P.O. Box 100131, 33501 Bielefeld, Germany

In this study we report the relationship between texture degree of antiferromagnetic
and ferromagnetic pinned bilayer induces by different seed-buffer layers, and the ex-
change bias and the interlayer-Néel coupling fields. MTJs with the structure: sub-
strate Si(100)/SiOx/buffer /IrMn/CoFeB/AlOx/NiFe/Ta were deposited using two types
buffers: Cu and Ta/Cu/Ta/Cu. Samples were annealed in vacuum at temperatures rang-
ing from 150°C to 350°C. XRD analysis reveals that the texture of the sample with Cu
buffer is characterized by lower texture degree than of the sample with Ta/Cu/Ta/Cu
buffer. Major and minor hysteresis loops show that values of exchange bias and Néel
coupling fields increase with increasing annealing temperature and are higher for the
stronger textured samples. The texture of the IrMn increases slightly, while of the
CoFeB increases significantly with the annealing temperature. The roughness, mea-
sured by AFM, depends on the type of the buffer and is higher for strong textured
Ta/Cu/Ta/Cu buffer. The comparison of junctions with CoFe and CoFeB bottom elec-
trode shows that addition of 5% B in CoFe layer makes the surface of pinned layer
smoother. This leads to smaller Néel coupling field, which is desirable for application of

MTJ in MRAM.
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STRUCTURE AND MAGNETIC ANISOTROPY EVOLUTION IN
Au/Co/Au SANDWICHES UPON THERMAL TREATMENT

A. Wawro?, Z. Kurant®, L.T. Baczewski®, P. Pankowski?, J.B. Pelka®,
A. Maneikis®, A. Bojko®, V. Zablotskii’ and A. Maziewski’
“Institute of Physics, Polish Academy of Sciences, Warsaw, Poland.

bInstitute of Experimental Physics, University of Bialystok, Bialystok, Poland.

Co ultra-thin films sandwiched between Au layers are one of the most intensively studied
magnetic systems due to the existence of perpendicular anisotropy. Despite large lattice
mismatch of 14% between the constituent layers the structure of Au/Co/Au sandwiches
is coherent. As a consequence the induced tensile strains in Co layer contribute to
a magnetoelastic component of magnetic anisotropy in this system. The aim of this
study is the investigation of thermal treatment influence on crystalline structure and
magnetic properties of Au(111)/Co(0001)/Au(111) sandwiches MBE grown on sapphire
substrate covered with Mo buffer. After annealing at 250°C the RHEED pattern of
Co layer reveals the loss of lattice coherence and additionally the results of synchrotron
radiation reflectometry studies suggest breaking of Co layers continuity. These structural
observations are correlated with magnetic properties examined by magnetooptical Kerr
effect. Annealing at 150°C does not affect substantially the perpendicular anisotropy.
Treatment at 250°C switches the magnetisation vector from perpendicular to in-plane
orientation. Achieved results are supported by theoretical considerations in terms of
magnetoelastic and diffusion contributions.

P-2-19
MAGNETIC DOMAIN STRUCTURE IN ULTRATHIN Co
WEDGES GROWN ON VICINAL SAPPHIRE SUBSTRATES

A. Stupakiewicz,” M. Tekielak,” A. Maziewski,*, V. Zablotskii,”
A. Wawro,” and L. T. Baczewski’
“Laboratory of Magnetism, Institute of Experimental Physics, University of Bialystok,
41 Lipowa Street, 15-424 Bialystok, Poland
bInstitute of Physics, Polish Academy of Sciences, Al. Lotnikow 32 /46,
02-668 Warsaw, Poland

In the present work we report on magnetic domain structures in ultrathin hep Co(0001)
films grown by molecular beam epitaxy, on vicinal sapphire substrates in the wide Co
thickness range. The following nanostructures were deposited on sapphire single-crystal
(1120) wafers with 1 and 5 deg miscut angles: (i) first buffer layer of 20 nm Mo(110),
(ii) second buffer layer of 10 nm Au(111), (ii) a Co wedge with thickness range 0-2.3 nm;
(iii) 8nm thick Au cover layer. The measurements were performed at room temperature
by means of the polar Kerr effect in polarizing optical microscope. The evolution of
the domain structures during the magnetization reversal processes was studied. The
Co-thickness dependence of the local coercivity field was determined. Preferential ori-
entation of domain wall was observed. Ordering of domain wall was correlated with
magnetization easy axis orientation. The preferention and the coercivity field depend
on both Co thickness and the miscut angle.
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MAGNETIC ANISOTROPY CHANGES IN ULTRATHIN Co
FILMS GROWN ON VICINAL SAPPHIRE SUBSTRATES

A. Stupakiewicz,” R. Gieniusz,” A. Maziewski,*, K. Postava,“
A. Wawro,” and L. T. Baczewski’
“Laboratory of Magnetism, Institute of Experimental Physics, University of Bialystok,
41 Lipowa Street, 15-424 Bialystok, Poland
Institute of Physics, Polish Academy of Sciences, Al. Lotnikow 32/46,
02-668 Warsaw, Poland

The aim of the work is to study of the magnetic anisotropy of ultrathin hcp Co magnetic
films epitaxially MBE grown on vicinal AloO3(1120) substrate with miscut angles of 1°
and 5°. The epitaxial samples with the following structure: (i) first buffer layer of 20 nm
Mo(110) deposited at T' = 1000°C, (ii) second buffer layer of 10 nm Au(111) deposited
at room temperature and annealed at 7' = 200°C for 30 minutes, (iii) 2 nm of Co layer,
(iv) covered by a 8 nm thick Au layer. RHEED was used to check the growth process of
the samples. Measurements were performed at room temperature using MOKE magne-
tometer and FMR X-band spectrometer. Magnetization processes were studied in both
longitudinal and polar MOKE experiments. Changes of in-plane magnetic anisotropy
symmetry were deduced from shape analysis of the magnetization curves and angular
dependence of the resonance field measured in the sample plane. Two-fold and four fold
symmetry was observed for different miscut angle, respectively. The experimental data,
will be discussed taking into account the following energy contributions: (i) demagne-
tization term; (ii) surface and bulk uniaxial anisotropy; (iii) and step-induced uniaxial
anisotropy. Magnetic anisotropy constants are fitted for different miscut angles.

P-2-21
Current-induced conductance jumps in Lag 7Sr;3MnOs; manganese
point-contacts

J. Baszyniski®, W. Kowalski¢, M.R.B. Andreeta’, A.C. Hernandes’
%Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznan, Poland
MCDCM, IFSC - USP, Sao Carlos, Brazil

The conductance switching processes are studied as a function of the DC current (up to
108 A/cm?) passing through nanoconstruction of a mechanically controllable junction
(MCJ). The current-voltage (I — V') curves of the MCJ are non-ohmic with a parabolic
form of the differential conductance (dI/dV) versus the voltage, typical of an electron
tunnelling process. By fitting of the I — V' curves to the Simmons theory the barrier
width (1-1.6) nm and height (0.4-0.7) eV as well as the effective tunnelling area (1-
10)x10~%cm? were estimated for the junctions. We interpret the jumps in conductance
of MCJ about integer multiples of e?/h as due to the configuration reorientation of the
magnetization of the Mn-ions’ clusters at the surface of the devices. This switching
can be understood in terms of the exchange of angular momentum between the spin-
polarized current and magnetic moments of the cluster situated between the electrodes
or on their surfaces. Since the electron transmission through the barrier varies exponen-
tially with thickness, most of the tunnel current flows through the thinnest part of the
nanoconstruction.

66



P-2-22

Current-induced conductance jumps in mechanically controllable
junctions of Laj7Srp3MnO3; manganese

J. Baszynski, W. Kowalski
Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznani, Poland

The magnetic switching processes in mechanically controllable junctions (MCJ), made
of high-quality ceramic of Lag 7Srp.3sMnOs3, are studied as a function of the DC current
(up to 10° A/cm?) passing through the nanoconstriction. The relative displacement of
the two electrodes is controlled by the piezodevice with a resolution of a few picometers.
The current-voltage (I — V') curves of the MCJ are typical of an electron tunnelling
process. By fitting the I — V' curves to the Simmons model the barrier width (0.8-
1.6) nm and height (0.7-1.7) eV of the junctions and their effective tunnel area (1-
10) x107'2 cm? were estimated. Due to the close relation between transport properties
and the magnetization in manganese compounds, the resistivity measurements provide
an excellent indirect method to characterize the magnetic switching observed in atomic
scale constrictions. Based on this, we interpret the jumps in conductance of MCJ about
integer multiples of €?/h as due to the configuration reorientation of the magnetization
of the Mn-ions’ clusters at the constriction surfaces. Our data suggest a quantum origin
of the current-induced switching of the point contact prepared from half-metallic oxide
ferromagnets.

P-2-23

Direct-current induced magnetic switching in Au- Fe/Si multilayers
point contact

J. Baszynski, T. Lucinski, and P. Wandziuk
Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznan, Poland

The magnetic switching processes in point contacts (PC), made from Au tip - Fe/Si mul-
tilayers involving no lithography, are studied at RT as a function of the DC current pass-
ing through these nanoconstrictions. The nanocontacts were obtained by pressing Au
wires (0.05 mm in diameter) into Fe/Si multilayers. The antiferromagnetically coupled
[Fe(3nm)/Si(1.1nm)];5 multilayers were deposited in UHV by magnetron sputtering at
RT onto oxidized Si wafers. The crystalline structure of our samples and their multilayer
periodicity were examined using the high- and small-angle X-ray diffraction, respectively.
The I — V characteristics of these nanocontacts at RT exhibit a non-linear variation.
By fitting of the I — V' curves to the Simmons theory the barrier width (0.3-0.8) nm
and height (0.4-0.7) eV of the junctions and their effective area (1-100)x10~'? cm? were
estimated. In the high intensity of the DC current (above 10° A /cm?) passing through
PC, a hysteretic jump in the resistivity was observed - a clear evidence for a current
induced magnetization reversal of one of the magnetic multilayers. The present results
are likely to raise interesting fundamental questions. At the same time, the observation
of a high magnetoresistance effect at zero external fields is exciting from the viewpoint
of the technological applications.
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STRUCTURE, TRANSPORT AND MAGNETIC

CHARACTERIZATION OF Lagg9Srp.11MnO3/YBasCu307
SUPERLATTICES

A. Tsarev?, I. Komissarov?, P. Dluzewski*, W. Paszkowicz?, R.
Minikayev®, M. Sawicki?, B. Dabrowski’, C. Kimball® and P. Przyslupski®
“Institute of Physics, Polish Academy of Sciences, Warsaw, Poland.

"Dept. of Physics and the Institute for Nanoscience, Engineering and Technology
Northern Ill. University, De Kalb, Illinois .

We report on structural, transport and magnetic studies of Lag g9Srp.11 MnO3/YBasCuzO7
(LSMO/YBCO) superlattices. For this doping level (x=0.11) the LSMO system is a fer-
romagnetic insulator (FMI). Proximity effect between a ferromagnetic insulator and
YBCO system is very interesting problem , both for fundamental research and applica-
tion. A series of LSMO/YBCO superlattices have been fabricated using a high pressure
sputtering, with fixed LSMO layer thickness at 8 unit cells (u.c.) and varying YBCO
layer thickness from 1 to 8 u.c. ¢ — axis layer thickness. An onset of superconducting
transition is observed beginning from the samples with 2 u.c. YBCO layer thickness.
Magnetization hysteresis curves measured close to superconducting transition show in-
terplay between Meissner currents in YBCO layers and magnetic field present in LSMO
layers.

P-2-25
Orbital Kondo effect and spin polarized transport through quantum
dots

S. Lipinski, D. Krychowski
Institute of Molecular Physics, Polish Academy of Sciences, ul. Smoluchowskiego 17,
60-179 Poznan, Poland

The coherent spin dependent transport through a set of two capacitively coupled quan-
tum dots placed in a magnetic field and coupled to ferromagnetic electrodes is considered
within the equation of motion method. The magnetic field breaks the spin degeneracy.
For special choices of gate voltages the dot levels are tuned to resonance and the orbital
Kondo effect results either for the single or for both spin channels. Apart from the
Kondo peak, also the satellite many-body peaks are found in the densities of states in
the positions determined by the magnetic field. The peaks are characterized by different
spin polarization. We discuss the spin polarization of conductance showing that for the
case of orbital degeneracy in the one spin channel the system can operate as an effective
spin filter.
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Non-collinear magnetic states in Ni-Fe/Au/Co/Au multilayers
investigated by magnetoresistance measurements

F. Stobiecki, M. Urbaniak, B. Szymanski, M. Schmidt, T. Lucinski
Institute of Molecular Physics PAN, ul. Smoluchowskiego 17, 60-179 Poznan, Poland

Sputtered NiggFeso/Au/Co/Au multilayers exhibit perpendicular anisotropy of Co lay-
ers and easy-plane anisotropy of Permalloy layers [1]. In these samples the changes of
relative orientation of magnetization between Co and Ni-Fe layers, with magnetic field,
can be determined by magnetoresistance measurements. It is possible because the mag-
netoresistance effect is of the GMR-type and the resistance changes corresponding to
the transition from parallel to perpendicular magnetization configuration are relatively
large (AR/R up to 10% at RT). As in other spin-valves, the magnetization reversal and
the resulting magnetoresistance effect depend on magnetic anisotropy of ferromagnetic
layers and on the coupling between them. The effective anisotropy of cobalt layers was
varied by changing their thickness and the anisotropy of Ni-Fe layers by introducing a
thin Co layer at each of Ni-Fe/Au interface. The changes of interlayer coupling were con-
trolled by Au spacer thickness. We will discuss the influence of the effective anisotropy
of ferromagnetic layers and the important role of domain wall coupling on magnetic
states in NiggFesp/Au/Co/Au multilayers.

[1] F. Stobiecki, B. Szymanski, T. Lucinski, J. Dubowik, M. Urbaniak, K. Roll,
J. Magn. Magn. Mater. 282 (2004) 32
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MAGNETIC PROPERTIES OF NI-RH NANOSTRUCTURES

Tristana Sondén®, Javier Guevara®® and Andrés Saul®
Departamento de Fisica, CAC - Comisién Nacional de Energia Atémica, Avda. Gral.
Paz 1499, (1650) San Martin, Argentina
"Escuela de Ciencia y Tecnologia, Universidad de San Martin, Alem 3901, (1653) San
Martin, Argentina
¢Centre de Recherche en Matiere Condensée et Nanociencies - CNRS - Campus de
Luminy, Marseille, France

We have studied the magnetic properties of different Ni and Rh nanostructures. A tight
binding hamiltonian in the unrestricted Hartree-Fock approximation was used to study
bimetallic clusters and monolayers. By ab-initio methods we have calculated the local
magnetic moments of several configurations of monolayers, slabs and nanowires. The
general trend for Ni rich systems is that even when there is a great enhancement of
the Rh magnetic moments, we found a lowering of the total magnetic moment of the
alloyed structures with respect to the corresponding pure Ni ones as a consecuence of
the decreased magnetic moment of the Ni atoms. We believe that a strong effect of
hybridization between Rh and Ni atoms is responsable for this behaviour as can be seen
from the modification of their partial density of states with respect to the pure metals.
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SPIN-POLARIZED SURFACE STATES IN SEMICONDUCTOR
SUPERLATTICES

Jarostaw W. Klos
Surface Physics Division, Faculty of Physics, Adam Mickiewicz University,
ul.Umultowska 85, 61-614 Poznan, Poland

Electronic surface states in Aly.1Gag.g9As|GaAs superlattice are calculated for a system
with a ZnMnSe barrier in a surface cell. In the absence of applied magnetic field the
ZnMnSe barrier has the same height as the Aly1GaggAs barriers in the bulk cells.
When a magnetic field is applied perpendicularly to the superlattice layers, the surface
cell magnetic barrier height is found to vary with spin orientation. Hence, each spin
polarization involves different conditions of surface state existence. Our computations
show a split of Shockley states into two levels (corresponding to different spin polar-
izations) and appearance of Tamm states (with specific spin polarization), induced by
sufficiently strong magnetic fields.
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DIODE EFFECT IN TRANSPORT THROUGH A QUANTUM
DOT COUPLED TO NON-COLLINEARLY POLARIZED
FERROMAGNETIC LEADS

W. Rudzinski®, J. Barnas®’, R. Swirkowicz¢ and M. Wilczynski®
2Department of Physics, Adam Mickiewicz University, ul. Umultowska 85, 61-614
Poznan, Poland
Institute of Molecular Physics, Polish Academy of Sciences, ul. Smoluchowskiego 17,
60-179 Poznan, Poland
“Faculty of Physics, Warsaw University of Technology, ul. Koszykowa 75, 00-662
Warszawa, Poland

Electron tunneling through a spin-split discrete level of an interacting quantum dot cou-
pled to two ferromagnetic electrodes with non-collinear magnetizations is investigated
theoretically by means of the nonequilibrium Green-function approach. It is shown that
the spin splitting of the dot level leads to a number of new effects. Asymmetry in the
tunnel magnetoresistance (TMR) with respect to the bias reversal and non-monotonous
angular variation of the spin-polarized current are found for symmetrical tunnel junc-
tions. Numerical results also show that negative differential conductance and diode
effect may occur in symmetrical junctions with non-collinear magnetizations and for
large enough magnetic polarization of the leads. It is also found that in asymmetrical
junctions with one electrode being half-metallic, the spin splitting gives rise to an en-
hancement of the diode-like behavior. The latter feature is accompanied by a splitting
of the TMR peak in the bias range for which the sequential tunneling is exponentially
suppressed.
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The Influence of Fe Layer Thickness on Electronic and Magnetic
Properties of Antiferromagnetically Coupled Fe/Si Multilayers
T. Lucinski®, P. Wandziuk®, B. Szymanski®, J. Baszynski“, F. Stobiecki ¢,
J. Zweck ®
“Institute of Molecular Physics PAN, ul. Smoluchowskiego 17, 60-179 Poznan, Poland
b Department of Physics, University of Regensburg, Germany

The main goal of our study was to examine whether the existence of the antiferromag-
netic (AF) exchange coupling in Fe/Si multilayers Mls is related to the appearance of
the interfacial Fe silicide phases and how it is influenced by Fe layer thickness. The
[Fe(dp)/Si(1.1nm)]15 Mls were deposited in UHV by magnetron sputtering onto oxi-
dized Si wafers for different Fe layer thicknesses 0.3<dpg.<4nm. The crystalline struc-
ture of our Mls and their multilayer periodicity were examined using the high- and
small-angle X-ray diffraction, respectively. The transmission electron microscopy of the
cross-section was used to examine the morphologies of selected samples. The temper-
ature dependences of the Hall effect and the resistance supplemented with magnetic
moment measurements showed that both magnetic and electronic properties of the AF
coupled Fe/Si Mls are influenced by interfacial mixing between Fe and Si layers. The
current-voltage characteristics measured perpendicularly to the Ml planes allowed us to
show the semiconducting character of nominally pure Si spacer layers. The associated
minimal tunneling barrier height evaluated for Fe(3nm)/Si(1.1nm) by the Simmons fit
was found to be 1eV. We showed that the application of interfacial Co (or Au) thin layers
prevent the mutual interlayer diffusion terminating the existing AF interlayer coupling.
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%Co NMR STUDY OF Co/CoO MULTILAYERS: AN EXCHANGE
BIAS SYSTEM

M. Wéjcik?, E. Jedryka®, H. Loosvelt’, E. Popova’, K. Temst’
and C. Van Haesendonck’
“Institute of Physics, PAS, Al. Lotnikow 32/46, 02-668 Warszawa, Poland
b Laboratory of Solid-State Physics and Magnetism, KUL, Celestijnenlaan 200 D,
B-3001 Leuven, Belgium

It is generally accepted that the exchange bias created at the interface between a ferro-
magnetic (FM) and an antiferromagnetic (AFM) material strongly depends on the spin
structure at the FM/AFM interface. To achieve a better understanding of the interface
phenomena we have used ®Co NMR to monitor the structural and magnetic properties
of the Co/Co0O exchange bias system. A ®?Co NMR study has been performed on a series
of sputtered polycrystalline Co(t)/CoO (t = 10 - 18 nm) bilayers and [Co(t)/CoO]yp (t =
5 - 10 nm) multilayers deposited on Si/SiOy wafers. The microstructure of a metallic Co
layer covered with CoO was found to be essentially the same as that of a non-oxidized Co
single layer. It consists of predominantly hcp Co stacking order. However, the presence
of the oxidized Co layer results in a significant drop of the **Co NMR signal intensity.
This suggests that the electronic state of Co at the interface is not metallic but similar
to the Co?* state of CoO. Despite the fact that the bilayers were in the unbiased state,
i.e. the characteristic shift of the magnetization hysteresis loop is not present, a strong
anisotropic exchange coupling between Co grains and the underlying AFM CoO grains
can be inferred from an increase, by an order of magnitude, of the NMR restoring field.
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GMR EFFECT IN QUANTUM ATOMIC-SCALE CONTACT

Piotr Chudzinski and S. Krompiewski
Institute of Molecular Physics, Polish Academy of Sciences
ul. M.Smoluchowskiego 17, 60-179 Poznan

We study the transport properties of an atomic-scale contact connected to ferromagnetic
semi-infinite electrodes in the ballistic regime. Systems with different geometries were
considered. Our method is based on non-equilibrium Green’s function (NEGF) theory.
We fully deal with atomistic structure of the whole system, treating both the contact
and the electrodes on the same footing. The results includes the transmission and elec-
tron densities vs. energy with parallel and antiparallel magnetization in the electrodes.
Calculated GMR ratio is about 70% with 50% polarization of magnetization in the leads.
In case of applying additional gate voltage the values up to 90% may be obtained. The
influence of the magnetic polarization, coupling between leads and electrodes, and ge-
ometry of the device on transport properties is discussed. In addition to evolution from
conductance quantization to resonant tunneling conductance peaks upon changing the
hopping parameter, it has been found that with increasing polarization other features
appear due to decreasing overlap between surface density of states in the leads for each
transmission mode.
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AB INITIO STUDY OF INTERLAYER EXCHANGE COUPLING
IN Fe/Si MULTILAYERS

S. Uba“, L. Uba®, T. Lucinski’, P. Wandziuk®, A.N. Yaresko® and
V.N. Antonov*
“Institute of Physics, University of Bialystok, Lipowa 41, PL-15-424 Biatystok, Poland
b Institute of Molecular Physics, PAS, Smoluchowskiego 17, PL-60-179 Poznan, Poland
“Max-Planck-Institut for the Physics of Complex Systems, D-01187 Dresden, Germany
dnstitute of Metal Physics, 36 Vernadskii Street, 252142 Kiev, Ukraine

Interlayer exchange coupling has been studied from first principles in Fe/Si multilayers.
The calculations have been performed in the framework of spin-polarized linear-muffin-
tin method within supercell approach. Different structures with the spacer layer of
thickness up to 15 atomic layers have been modeled from pure Si to FesqSisg alloy
and including structures with isolated Fe impurities in the Si layer. Antiferromagnetic
exchange coupling has been found for FesySisy alloy spacer as well as for Fe-doped Si
layer. The results of the modeling have been compared with the experimental data
for Fe/Fe,Si;_, multilayers prepared by magnetron sputtering for x=1, 0.66 and 0.5.
The dependence of antiferromagnetic exchange coupling on the spacer layer thickness
up to 3 nm has been determined from the magnetization and Kerr effect measurements.
The experimental results for the nominally pure Si spacer layer (x=1) can be explained
assuming the Fe-doped Si model structure of the spacer layer. The magnetic moments
and partial density of states for the model structures have been calculated and discussed.
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THE TEMPERATURE DEPENDENCE OF THE MAGNETIC
AND MAGNETO-OPTICAL PROPERTIES IN Fe/Au LAYERED
STRUCTURES

A. Polewko-Klim?, K. Ostasz?, S. Uba®, R. Gontarz’ and L. Uba®
“Institute of Physics, University of Bialystok, Lipowa 41, PL-15-424 Bialystok, Poland
b Institute of Molecular Physics, PAS, Smoluchowskiego 17, PL-60-179 Poznan, Poland

In the small bilayer thickness range the Fe/Au multilayers (MLS) can be prepared in
the state with perpendicular anisotropy. The characteristic properties of Fe/Au super-
lattices is appearance of the oscillatory interlayer exchange coupling as a function of Au
spacer layer thickness. We report studies of the temperature dependence of magnetic
and magneto-optical properties for the series of Fe/Au MLS prepared by dc-sputtering
on GaAs(001) substrates. The x-ray diffraction analysis shows that the Fe/Au films
studied exhibit well defined layered structure with pronounced (111) fcc texture. The
magnetization processes were measured by magneto-optical technique in polar and lon-
gitudinal geometry in the temperature range 8-300K. The remanence rotation and the
saturation and coercivity fields as a function of the temperature were measured for the
series of Fe/Au MIS with different Au sublayer thickness, and the relation of the prop-
erties with interface structure has been studied. The Fe/Au MLS under study show
strong dependence of the Curie temperature on the Au spacer layer thickness. The
exponential temperature dependence of the coercivity field observed experimentally has
been explained within the model of thermal activation. The out of plane anisotropy in
low temperature range was observed in the Fe/Au systems studied.
P-2-35
MAGNETIC PROPERTIES OF Fe/Tb MULTILAYERS
K. Ostasz®, L. Uba%, S. Uba® and R. Gontarz’

“Institute of Physics, University of Bialystok, Lipowa 41, P1.-15-424 Bialystok, Poland
b Institute of Molecular Physics, PAS, Smoluchowskiego 17, PL-60-179 Poznaii, Poland

Magnetic and magneto-optical properties have been studied for a series of sputter de-
posited Fe/Th multilayers (MLS) on Si(111) substrates. The process of magnetization
reversal of the system was studied experimentally by the magneto-optical techniques in
both polar and longitudinal geometry. The hysteresis loops of the Fe/Th MLS mea-
sured show complex structures connected with structural and magnetic heterogeneity of
the system. To interpret the complex magneto-optical hysteresis loops measured in the
Fe/Tb MLS, the method based on strong photon energy dependence of the magneto-
optical effects on the system composition has been proposed. The contributions to the
hysteresis loops, coming from interface Th-Fe alloy region with perpendicular anisotropy
and coupled to a modified Fe volume with in plane anisotropy, were evaluated. The anal-
ysis of the magneto-optical data leads to the conclusion that the change of Fe magnetic
moments orientation with respect to the applied magnetic field direction takes place for
the studied systems when the Fe sublayer thickness in the Fe/Th MLS is above 2 nm.
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CURRENT-INDUCED SPIN DYNAMICS IN SPIN-VALVE
STRUCTURES

M. Gmitra®®, D. Horvath’, M. Wawrzyniak®, J. Barnas®°
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Spin polarized electrons traversing a ferromagnet can transfer spin-angular momentum
from the system of conduction electrons to the local magnetization. This offers new
possibility of manipulating magnetization without applying an external magnetic field.
Recently, it has been demonstrated experimentally that the dynamical phase diagram
contains several distinguishable steady-state precessional modes and static magnetic
states. In this paper we use Landau-Lifshitz-Gilbert equation for magnetization dy-
namics, extended by including the torque due to spin-transfer. The torque is described
within a macroscopic model based on the classical spin diffusion theory. Solution of the
Landau-Lifshitz-Gilbert equation for spin-valve structures allows us to describe stable
magnetic states, magnetization switching between different states, and also precessional
modes.
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CURRENT INDUCED SWITCHING DUE TO SPIN-TRANSFER
IN SPIN VALVES: MACROSCOPIC MODEL

M. Gmitra®, J. Barnas®®, A. Fert®, I. Weymann®, V. K. Dugaev*
Department of Physics, Adam Mickiewicz University, Umultowska 85, 61-614 Poznan,
Poland
Institute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17,
60-179 Poznan, Poland
¢Unité Mixte de Physique CNRS/THALES associated with Université Paris-Sud,
Domaine de Corbeville, 91404 Orsay, France
dDepartment of Physics and CFIF, Intituto Superior Tecnico, Av. Rovisco Pais,
1049-001, Lisbon, Portugal; and Institute for Problems of Materials Science, NASU,
Vilde 5, 58001 Chernovtsy, Ukraine

We develop a macroscopic description of current-induced torque due to spin transfer in
layered systems consisting of ferromagnetic films separated by a nonmagnetic layer. The
description is based on the classical spin diffusion equations for the distribution functions
inside the films used in the theory of CPP-GMR, and macroscopic boundary conditions
for the longitudinal and transverse components of the spin current. Due to strong
exchange field in ferromagnetic films, we assume that the perpendicular component of
spin current is totally absorbed within the narrow interface region giving rise to the
torque. Our model can be used to describe normal and inverse switching phenomena
studied in recent experiments. We also present conditions, at which the steady precession
states above certain critical current should occur.
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ELECTRONIC AND TRANSPORT PROPERTIES OF THIN
GdCosB ALLOY FILMS

L. Smardz®, T. Toliniski?, I. Goscianska®’, T. Lucinski®, A. Szlaferek?,
Z. Trybuta®, A. Kowalczyk”
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Poland

GdCo4B thin films were prepared onto liquid nitrogen (LN) cooled or heated glass
substrates by an UHV flesh evaporation technique. Structural studies have shown that
the samples deposited onto the LN cooled or non-cooled glass substrates are amorphous
and crystallize after an UHV annealing at 770 K. The resistance of the amorphous thin
films increases with temperature decreasing from RT down to 0.3 K. The crystallization
process was observed by resistivity measurements in the temperature range varied from
RT to 863 K at a rate of 10 K/min. Results of the XPS studies reveal that the surface
composition of the GdCoyB thin films is practically the same as the average volume
composition determined by XRF method. On the other hand, we have observed a
systematic change in the shape and peaks position of the XPS valence band after in-situ
annealing of the ’as-prepared’ amorphous GdCo4B thin films. The above behavior could
be explained by a structural transition and/or relaxation of the flesh-evaporated thin
films after UHV annealing. XPS spectra measured for the thin films will be compared
with those determined for the bulk polycrystalline GdCosB compound.
P-2-39
SPIN-DEPENDENT TRANSPORT IN FERROMAGNETIC
SINGLE-ELECTRON TRANSISTORS WITH NONCOLLINEAR
MAGNETIZATIONS

Justyna Wisniewska”, Malgorzata Kowalik® and Jézef Barnas
®Institute of Physics, Adam Mickiewicz University,
ul. Umultowska 85, 61-614 Poznan, Poland
PInstitute of Molecular Physics, Polish Academy of Sciences,
ul. M. Smoluchowskiego 17, 60-179 Poznan, Poland

a,b

Spin-polarized electron transport through a ferromagnetic single-electron transistor (FM
SET) is studied theoretically in the sequential tunneling regime. Two external electrodes
and the central part (island) of the device are assumed to be ferromagnetic, with the
corresponding magnetizations being generally non-collinear. Transport properties of the
device are analyzed using the master equation approach, and the respective transition
rates are determined from the Fermi golden rule. Basic transport characteristics, like
tunneling current, differential conductance and the tunnel magnetoresistance, are calcu-
lated for an arbitrary magnetic configuration of the system. All the characteristics are
shown to be strongly dependent on the relative orientation of the magnetizations. We
have also calculated torque due to spin transfer, which acts on the central part of the
system. Such a torque may lead to magnetization switching on the island.
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EXCHANGE BIAS COUPLING IN IrMn/Cu/CoFe TRILAYERS
DEPOSITED ON DIFFERENT BUFFERS
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Germany

The exchange bias coupling between antiferromagnetic (AF) IrMn and ferromagnetic
(F) CoFe through the different thickness of nonmagnetic spacer layer of Cu (S) has
been investigated. The samples were deposited at room temperature by sputtering
technique on thermally oxidized Si(100) wafers, on two different buffers: Cu(25nm) and
Ta(5nm)/Cu(25nm). Samples with bottom (AF/S/F) and top (F/S/AF) configuration
of AF layer, with reference to F layer, were investigated magnetically and structurally
in as deposited and after field annealing. For all samples, exchange bias field decreases
exponentially, with different decay length that depends on the system of buffer layers,
as a function of Cu spacer thickness. The exchange bias field is four times higher
for bottom than for top configuration, if the bottom configuration (IrMn/Cu/CoFe) is
deposited onto Ta/Cu buffer. This fact can be attributed to the stronger texture of the
IrMn layer, which is induced by the Ta/Cu buffer. In this work, influence of the two
buffers on the texture of IrMn and exchange bias coupling will be discussed.
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CORRELATION BETWEEN GROWTH AND MAGNETIC PROPERTIES OF
Fe/Ti MULTILAYERS
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“Institute of Materials Science and Engineering, Poznan University of Technology,
M. Sklodowska-Curie 5 Sq., 60-965 Poznan, Poland
®Institute of Molecular Physics, Polish Academy of Sciences, Smoluchowskiego 17 St.,
60-179 Poznan, Poland

Fe/Ti multilayers (MLs) were prepared onto glass and oxidised Si(111) substrates at 295
and 520K using UHV RF/DC magnetron sputtering. Planar growth of the Fe and Ti
sublayers deposited at 295K was confirmed in-situ by X-ray photoelectron spectroscopy
(XPS). We have observed exponential variation of the XPS Fe-2p and Ti-2p integral
intensities with increasing sublayer thicknesses. On the other hand, quantitative XPS
analysis and comparison with a model system revealed a significant interface alloying
during the deposition process at 295 K. Furthermore, results showed that the deposition
of the 0.18 nm - Fe /0.22 nm -Ti ML at 520 K leads to the formation of an uniform
nanocrystalline Fe-Ti alloy film due to interdiffusion process. Systematic structural and
magnetic studies showed, that iron sublayers grow on Ti in the soft magnetic
nanocrystalline phase up to a critical thickness d.;; ~ 2.3 nm. For a thickness greater than
deit, the Fe sublayers undergo a structural transition to the polycrystalline phase with
much higher coercivity.

This work was financially supported by the KBN grant No. PBZ KBN 044/P03/02 JB.
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EXCHANGE COUPLING ACROSS QUASI-AMORPHOUS Zr-Fe SPACER

L. Smardz®, K. Smardz®, H. Niedoba®

“Institute of Molecular Physics, Polish Academy of Sciences, Smoluchowskiego 17 St.,
60-179 Poznan, Poland
*Institute of Materials Science and Engineering, Poznaf University of Technology,
M. Sklodowska-Curie 5 Sq., 60-965 Poznan, Poland
‘LMOV de |'Université de Versailles, 45, av. Des Etas - Unis, 78035 Versailles, France

Fe/Zr/Fe trilayers with wedge-shaped Zr interlayer were prepared using UHV (5 x10™"°
mbar) DC/RF magnetron sputtering. The planar growth and interface alloying of the Fe
and Zr layers was confirmed in-situ by X-ray photoelectron spectroscopy. Furthermore,
structural and magnetisation studies revealed spontaneous formation of an quasi-
amorphous Fe-Zr alloy layer at the interfaces during the deposition process. Results on
magnetic domains studies showed that the Fe sublayers are very weakly exchange
coupled or decoupled for nominal Zr sublayer thickness greater than 3 nm. For Zr layer
thickness 0.5 — 3 nm we have observed patch domains characteristic for AFM interlayer
exchange coupling. The rapid decrease of the interlayer exchange coupling could be
explained by its strong damping due to formation of a non-magnetic quasi-amorphous Zr-
Fe alloy layer at the interfaces.

This work was financially supported by the KBN grant No. PBZ KBN 044/P03/02 JB.
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Kondo effect in spin-polarized transport through a quantum dot:
limit of a finite correlation parameter U

M. Wilczynski?, R. S’wirkowicz“7 J. Barnagtc
“Faculty of Physics, Warsaw University of Technology
Koszykowa 75, 00-662 Warsaw, Poland
bFaculty of Physics, Adam Mickiewicz University
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Kondo effect in electronic transport through a quantum dot is investigated theoretically
with the use of non-equilibrium Green function formalism. The system is described
by the Anderson model with a finite correlation parameter U. Renormalization of the
dot energy level and correlation parameter U is taken into account. It leads to some
shift of the electron and hole energy levels and to a splitting of the Kondo peak in
DOS in the presence of ferromagnetic electrodes. The approach gives results similar to
those obtained in the approach in which the exchange interaction with ferromagnetic
electrodes is described by an effective molecular field. Both approaches give very similar
results also for a dot attached to non-magnetic electrodes, but in an external magnetic
field. The splitting of the Kondo anomaly in the differential conductance occurs for
magnetic field exceeding a certain value and is slightly lower than the doubled Zeeman
splitting. A reduction of the splitting is a result of the effective field induced in the
system by an external magnetic field.
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M. Wilczynski?, J. Barnas®, R. Swirkowicz®
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Tunnelling current in double-barrier junctions with ferromagnetic electrodes depends
on relative orientation of the magnetic moments of all the three electrodes. When four
different current densities for a specific value of the bias voltage can be obtained, the
junctions may be used in MRAM devices as 2-bits memory cells. In this paper we present
and discuss results of numerical calculations of I-V characteristics, tunnel conductance,
and TMR in such two-barrier junctions. The calculations are performed in the free-
electron model, assuming a trapezoidal shape of the barriers and neglecting tunnelling
with simultaneous reversal of electron spin. The influence of various parameters, like
for instance of the spin splitting of the electron bands on the TMR effects is analyzed.
Generally, one can obtain four different values of the tunnelling current density for a
fixed bias voltage. The corresponding four values of the junction resistance can be
particularly well separated when the electrodes are made from materials with different

spin polarizations.
P-2-45

Changes in magnetic and magnetoresistive characteristics of
Ni-Fe/Au/Co/Au multilayers induced by annealing

B. Szymanski, F. Stobiecki, M. Urbaniak
Institute of Molecular Physics PAS, ul. Smoluchowskiego 17, 60-179 Poznan, Poland

Magnetic layered structures characterized by alternating in-plane and out-of-plane mag-
netization configuration at remanence are interesting for different applications, partic-
ularly as magnetoresistive sensors (GMR-type) with a linear R(H) dependence. We
have demonstrated that for a proper choice of the deposition conditions and thickness
of constituent layers, sputter-deposited (NiggFesp/Au/Co/Au) multilayers exhibit such
a behavior for magnetic field applied perpendicularly to the surface (H ). In this con-
tribution the influence of annealing on magnetization reversal and magnetoresistance
was studied. Measurements performed for as-deposited samples and after subsequent
isothermal annealing (150°C<T,<250°C) show that the GMR effect is stable under an-
nealing below 200°C. It even slightly increases, for T, above 200°C, what opens a path
for the GMR value control and therefore is important for applications. The most pro-
nounced changes were observed in the central part of the M(H,) and R(H,) curves,
influenced by both the nucleation Hy and the saturation Hg fields. They are related to
the appearance and disappearance of stripe domain structure in Co layers. The influence
of T, on values of Hy and Hg will be discussed.
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ON THE RANGE OF INTERACTIONS FROM FINITE SIZE
SCALING IN MAGNETIC Ni NANOWIRES

P. Tomczak® and A.R. Ferchmin®
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A recent experiment [PRB 61 (2000) R6463] which reports a dependence of magnetic
properties of Ni nanowires on their size has been reinterpreted in terms of localized
spin model with spin-spin interactions ranging beyond nearest neighbors. Two possible
mechanisms of variation of magnetic properties have been considered. Firstly, a simple
finite size scaling with a shift of pseudocritical temperature with the size of the system.
Secondly, a crossover to classical critical behavior [PRE 59 (1999) 4997] as a function of
the range of interactions R between spins — with R treated as a parameter. Finally, the
value of R =~ 1lnm of the exchange interactions has been found by a fit to a literature
experiment on Ni nanowires.

P-2-47
MAGNETIZATION AND FMR STUDIES OF [Fe/Cr],
STRUCTURES WITH ULTRATHIN IRON LAYERS

A.B. Drovosekov?, N. M. Kreines®, M. A. Milyaev®, L. N. Romashev® and
V.V. Ustinov’
¢P. L. Kapitza Institute for Physical Problems, Kosygina St. 2, 119334 Moscow, Russia
bInstitute of Metal Physics, Sofia Kovalevskaya St. 18, 620219 Ekaterinburg, Russia

A set of magnetic multilayer structures [Fe(tg.)/Cr(tc, )], with ultrathin (tg. <5 A) iron
layers was studied using SQUID-magnetometry and ferromagnetic resonance (FMR)
technique. The samples were prepared on MgO substrates by means of molecular
beam epitaxy method. Two different types of multilayers were investigated: with fer-
romagnetic (tc,~20A) and antiferromagnetic (tc, ~ 10 A) interlayer coupling. For the
samples with tg. > BA, magnetization curves and FMR spectra at room temperature
show a behaviour typical for magnetic superlattices. On the contrary, the samples with
tre <5 A demonstrate superparamagnetic-like properties. Nevertheless, magnetization
curves measured in 4 — 300 K temperature range do not obey a superposition rule for
superparamagnets. In addition, a four-fold in-plain anisotropy of the FMR spectra was
detected in samples with t¢, ~ 10A and tp. ~3 A at low temperatures. This anisotropy
vanished as the temperature grew. To explain the obtained results, we propose a theoret-
ical model considering a cluster structure of iron layers. Magnetization curves and FMR
spectra are calculated in the frame of a mean field approximation taking into account an
interlayer interaction. The calculated dependencies show a qualitative agreement with
the experimental data.
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INFLUENCE OF SEED-BUFFER LAYERS ON BIAS AND
TEMPERATURE DEPENDENCE OF DYNAMIC
CONDUCTANCE OF IrMn SPIN VALVE MTJ

P. Wiséniowski?, T. Stobiecki?, J. Kanak?, G. Reiss’ and H. Briickl’
¢ AGH University of Science and Technology, Department of Electronics,
al. Mickiewicza 30, 30-059 Krakow, Poland
bUniversity of Bielefeld, Department of Physics, Nano Devices Group, P.O. Box
100131, 33501 Bielefeld, Germany

The conductance and I-V characteristics two groups of spin valve magnetic tunnel junc-
tions (SV-MTJs) are measured as a function of temperature and bias voltage. The
junctions are characterized by low texture degree of group ”a” and high texture degree
of group ”b”. The strongly textured buffer layers grow in a columnar like fashion and in-
duce interfacial roughness. The texture and roughness modified very strongly exchange
bias and interlayer coupling effects in the SV-MTJs!. It has been observed also sub-
stantial influence texture and roughness on the resistance area product (RxA) of the
junctions. The RxA of the group ”a” junctions is almost two times higher than that of
the group ”b”. While there is no significant difference between TMR at low and room
temperature of the two groups. It has been observed, however, slightly decrease of TMR

9 9

with increasing bias voltage for the ”a” group. The thermal smearing of the electron
energy distribution (via Fermi distribution function), proposed for the first time in? is
used to evaluate zero bias anomaly of the junctions. These results imply that buffer
layers composition and their sequence can be use to optimize tunneling properties of
MTJs.
L T. Stobiecki et al., phys. stat. sol. a 201 (2004) 1621.
2 J.J. Akerman et al., Europhys. Lett. 63 (2003) 104.

P-2-49

Spin-dependent transport through double-island single-electron
devices
Ireneusz Weymann® and Jézef Barnag®?

“Department of Physics, Adam Mickiewicz University, 61-614 Poznari, Poland

PInstitute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan, Poland

Spin-dependent electronic transport through a double-island device with Coulomb block-
ade is considered theoretically in the sequential tunneling regime. The analysis is based
on the master equation method, with the corresponding tunneling rates calculated from
the Fermi golden rule. Electric current and the resulting tunnel magnetoresistance are
analyzed as a function of bias and gate voltages for different collinear magnetic con-
figurations of the device. Furthermore, the nonequilibrium spin accumulation in the
islands is calculated self-consistently from the appropriate spin balance conditions. It is
shown that the interplay of spin accumulation and charging effects may lead to negative
differential conductance. This is in agreement with recent experimental observations.
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FERROMAGNETIC SINGLE-ELECTRON TRANSISTORS
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We present theoretical analysis of current-induced torque which is exerted on the cen-
tral part (island) of a ferromagnetic single-electron transistor. The considerations are
restricted to the regime of sequential tunneling. The island is assumed to be ferromag-
netic and attached to two ferromagnetic leads (electrodes), whose magnetic moments
are oriented arbitrarily. The torque is calculated from the net spin current absorbed
by the island. In turn, spin currents are calculated within the master equation ap-
proach. The torque has been calculated as a function of gate voltage, spin polarization
of the leads, and charging energy. It is also calculated as a function of the angle be-
tween magnetic moments of the leads. T'wo different situations are compared in detail;
single-electron transistor with one electrode being ferromagnetic and one nonmagnetic,
and single-electron transistor with both electrodes ferromagnetic. In both situations the
central island is ferromagnetic. All calculations are carried out in the limit of fast spin
relaxation processes, when no spin accumulation builds up on the island.

P-2-51
First-principles study of magnetization relaxation enhancement and
spin-transfer in thin magnetic films

Maciej Zwierzycki'?, Yaroslav Tserkovnyak®, Paul J. Kelly?,
Arne Brataas®, Gerrit E. W. Bauer®
Max Planck Institute for Solid State Research, Stuttgart, Germany
2Institute of Molecular Physics, P.A.S., Poznan, Poland
3Harvard University, Massachusetts 02138, USA
4Faculty of Applied Physics and MESA+4, University of Twente, The Netherlands

®Norwegian University of Science and Technology, Trondheim, Norway

5Delft University of Technology, The Netherlands

The interface-induced magnetization damping of thin ferromagnetic films in contact with
normal-metal layers is calculated from first principles for clean and disordered Fe/Au
and Co/Cu interfaces. Interference effects arising from coherent scattering turn out to
be very small, consistent with a very small magnetic coherence length. Because the
mixing conductances which govern the spin transfer are to a good approximation real
valued, the spin pumping can be described by an increased Gilbert damping factor but an
unmodified gyromagnetic ratio. The results also confirm that the spin-current induced
magnetization torque is an interface effect.
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Resonant tunneling through a single level quantum dot attached to
ferromagnetic leads with non-collinear magnetizations

M. Wawrzyniak?, M. Gmitra®, and J. Barnag®?®
“Department of Physics, Adam Mickiewicz University, ul. Umultowska 85, 61-614
Poznan, Poland
bInstitute of Molecular Physics, Polish Academy of Sciences, ul. Smoluchowskiego 17,
60-179 Poznan, Poland

Resonant electronic transport through a non-interacting single-level quantum dot at-
tached to ferromagnetic leads is analyzed theoretically. Magnetic moments of the leads
are assumed to be noncollinear. Apart from this, an external magnetic field, noncollinear
with the magnetizations, is applied to the system. However, magnetic moments of the
leads and the external magnetic field are in a common plane. Basic transport charac-
teristics, including current-voltage curves, linear and nonlinear conductance, and tun-
nel magnetoresistance associated with magnetization rotation are calculated using the
nonequilibrium Green function technique, and the Green functions have been calculated
via the equation of motion method. Dependence of the transport characteristics on the
system parameters, like energy level position, spin polarization of the leads, asymme-
try between right and left leads, has been calculated numerically and the results are
discussed from the fundamental and application points of view.

P-2-53
Spin polarized resonant tunneling through coupled quantum dots
P. Trocha® and J. Barnag®?’
Department of Physics, Adam Mickiewicz University, Poznan, Poland
b Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland

Resonant electronic transport through two coupled non-interacting single-level quantum
dots attached to ferromagnetic leads is analyzed theoretically. Magnetic moments of
the leads are assumed to be collinear. Coupling of the dots to external leads as well
as between the dots is assumed to be spin dependent. Basic transport characteristics,
including current-voltage curves, linear and nonlinear conductance, and tunnel mag-
netoresistance associated with magnetization rotation are calculated using the Green
function technique. The relevant Green functions have been calculated by the equation
of motion method. Variation of the transport characteristics with such system parame-
ters like energy level position, spin polarization of the leads, coupling between the dots,
etc., has been calculated numerically. The results are also discussed from the point of
view of possible applications in spintronics devices.
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ROLE OF INTER-DOT COULOMB REPULSION AND

EXCHANGE INTERACTIONS ON TRANSPORT IN DOUBLE
QUANTUM DOT

G. Michalek and B.R. Buika
Institute of Molecular Physics, Polish Academy of Sciences
ul. Mariana Smoluchowskiego 17, 60-179 Poznan, Poland

Effects of inter-dot many—body electronic correlations on the coherent transport through
double quantum dots (2QD) connected in series are studied. Conductance as well as
another physical quantity are calculated by means of Green’s functions. The many—
body electronic correlations are treated in the slave-boson (SB) mean field approach,
developed by Kotliar and Ruckenstein. Results are obtained by solving of a set of
self—consistent nonlinear equations. The conductance in the model is characterized by
competition between the dot—dot tunnelling coupling and the level broadening (dot-lead
coupling). An interesting behavior was found for a double occupation of the 2QD system.
In the case, when the inter—dot coupling is weaker than the dot—lead coupling each
dot accommodates one electron and forms the Kondo resonant state with conducting
electrons in a lead. In the opposite limits, when the inter—dot coupling exceeds level
broadening, the conductance vanishes for sufficiently low gate voltages, which means the
Kondo effect disappeared. A generalization of the SB method allow us to show the role of
inter—dot Coulomb repulsion and exchange interactions on the gate—voltage dependence
of the differential conductance in both the limits as well as for the intermediate dot—
dot couplings. The resonance region is broadened with increasing inter—dot Coulomb
repulsion as well as with decreasing exchange interactions.
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Magnetoconductance of Fano Systems
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bInstitute of Molecular Physics, Polish Academy of Science, M. Smoluchowskiego 17,
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We study the magnetotransport properties of a side attached Quantum Dot placed be-
tween ferromagnetic electrodes. The side-attached Q.D. has been previously used to
probe coherent transport, as it is a simple way to obtain quantum interference and Fano
line shapes in transmittance. We find that the magnetoconductance is a nonmono-
tonic function of the gate-voltage and it shows a maximum at the Fano resonance. For
asymmetric coupling, the spin polarization of the dot can be reversed and also nega-
tive magnetoconductance may occur. Next we consider the magnetotransport through a
quantum ring that is another Fano system and a classical tool for the study of Aharonov-
Bohm oscillations.
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Spin-valve effect in double-barrier systems with noncollinearly
polarized magnetic barriers: linear response regime

M. Mucha-Kruczynski® and J. Barnas®®
Department of Physics, Adam Mickiewicz University, Poznan, Poland
b Institute of Molecular Physics, Polish Academy of Sciences, Poznaii, Poland

Electron tunneling through a double-barrier structure with ferromagnetic barriers and
nonmagnetic external and central electrodes has been considered theoretically in the
linear response regime. Magnetic moments of the barriers are assumed to be generally
non-collinear, but oriented in the plane of the junction. Tunnel conductance and tunnel
magnetoresistance are calculated theoretically as a function of the angle between mag-
netizations. Possible applications of such systems in spintronic spin-valve devices are
also discussed.
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ELECTRON-QUASIPARTICLE INTERACTION IN VAN
HEUSLER ALLOY Cu;MnAl

G. Prist4s®, M. Reiffers®, J. Sebek’, E. Santav4’, K. Andersen® and
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%Institute of Experimental Physics, Watsonova 47, Kosice, Slovakia
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¢ILL, 6, rue Jules Horowitz, BP156, 38042 Grenoble, France

The van Heusler alloy CusMnAl is a ternary intermetallic compound with a unit cell
composed of four interpenetrating fcc sublattices. This so-called half metallic ferromag-
net is ideal for applications in tunnelling magnetoresistance (TMR) or giant magne-
toresistance (GMR) elements as well as electrodes for spin polarized current injection
into semiconductors. We have investigated the point-contact and transport properties
by measurements of point-contact (PC) spectra and the temperature dependence of the
electrical resistivity, respectively. We have used the same sample as in the neutron optics
of neutron beam guides in ILL, Grenoble. The temperature dependence of the electri-
cal resistivity p(T) has shown the normal metallic behaviour with the shoulder at T ~
10 K. PC measurements were carried out in the temperature region from 1.5 K to 10 K
(Te = 630 K) and in the magnetic field up to 1 T. We have observed an asymmetric
behaviour of dV/dI(V') which has been probably due to spin polarization at the Fermi
energy. Moreover, the observed dQV/ dl 2(V) dependencies in spectroscopic regime show
the characteristic energies of the electron-quasiparticle interaction in CupMnAl.
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Charge transport through ionic clusters of the magnetic oxides

G.A. Gehring* A. Lehmann-Szweykowska**, R.J. Wojciechowski**,
P.E.Wigen*** and R. Micnas**
* Department of Physics & Astronomy, University of Sheffield, Sheffield, UK
** Inststitute of Physics,A. Mickiewicz University, Poznan, Poland
*** Department of Phys.,Ohio State University, Columbus, USA

In order to interpret empirical data related to doped garnets,we analyze the spin-
controlled charge transfer through a heterostructure consisting of site-coupled octahedral
and tetrahedral iron-oxygen clusters. A number of charge carriers can be manipulated
by valence-uncompensated doping, which indirectly tailors also the magnitude and ori-
entation of permanent magnetic moments attached to the clusters. The electron-energy
structure of both clusters, involved in the transfer, as well as that of the heterostructure
are found within the framework of the Anderson model. Current-voltage characteristics,
derived from the Landauer-like formula, turn out to be highly sensitive to the position
of the Fermi level of the system. We also calculated the magnetoresistance, which is
different for different orientations of the external magnetic field. The result confirmed
the empirical data, indicating anisotropy of the magnetoresistance. In the microscopic
mechanism of the spin-controlled charge transfer, the key role is played by the inter-band
p — d hybridisation. The charge carrier compensating holes tend to remain on the oxy-
gen ions. In the presence of the compensating hole, the antiferrromagnetic order of the
spins attached to the clusters, changes its sign. It is an orbital contribution to magnetic
moments of the clusters that gives rise to the anisotropy of the magnetoresistance.

Acknowledgements. This work was supported by Grant No. PBZ-KBN-044/P03/2001
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IMPROVED SOFT MAGNETIC PROPERTIES IN HITPERM
NANOCRYSTALLINE ALLOYS BY HEAT TREATMENT
UNDER EXTERNAL MAGNETIC FIELD

I. Skorvének?, J. Marcin?, T. Krenicky®, J. Kovac®,
P. Svec’ and D. Janickovic’
“Institute of Experimental Physics, Slovak Academy of Sciences, Kogice, Slovakia
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The nanocrystalline FeCo-based alloys prepared by devitrification of melt-spun amor-
phous precursors, called also HITPERM, belong to an important group of soft magnetic
materials. In this work, the formation of a nanocrystalline structure and its influence
on the magnetic properties was investigated in the series of (Fe;_;Co,)s1Nb7Bj2 (x=0,
0.25, 0.33, 0.5, 0.66, 0.75) alloys. We report on a beneficial effect of the external mag-
netic field applied during the heat treatment on the magnetic characteristics of these
materials. Most remarkable improvement of soft magnetic properties after magnetic an-
nealing is observed for equiatomic (x=0.5) and Co-rich compositions. As an example, the
(Feg.5Co0.5)51NbyB1o alloy can exhibit after the amorphous/crystalline transformation
under longitudinal field of 20 kA /m the values of coercive field less than 8 A/m. For the
same sample annealed under transverse field of 640 kA /m, the induced anisotropy con-
stant reaches the value K, ~ 1400 J/m?®. These values are superior to those previously
reported for HITPERM materials and they remain fairly stable also at elevated temper-
atures. The differences in the development of induced anisotropy versus Co-content are
discussed in the frame of magnetic atoms pair ordering theory.

O-3-04

Magnetic Behaviour of YCo4_,.M,B Intermetallic Compounds with
M=AIl or Cu

E. Burzo', R.Tetean', V. Pop!
!Babes-Bolyai University, Faculty of Physics, 400080 Cluj-Napoca, Romania

The YCo4_,M,B compounds with M=Al or Cu crystallize in a hexagonal CeCosB
type structure, having P6/mmm space group for x< 2. Magnetic measurements were
performed in the temperature range, 5-900K and external fields up to 9T. Both sat-
uration magnetizations, Mg, and Curie temperatures decrease dramatically when Cu
and Al gradually substitute Co. As example, for M=Cu, the Mg values change from
2.65 up/fu.(x=0) to 0.82 up/f.u.(x=1) and T¢ from 385K to 205K, respectively. The
alluminium compounds for x > 1 are paramagnetic and show a spin fluctuation be-
haviour. Band structure calculations were also performed. The composition dependence
of Y4d band polarization was analysed considering the effect of short range exchange
interactions with neighbouring Co atoms.
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ON THE STRENGTH OF THE DOUBLE EXCHANGE AND
SUPEREXCHANGE INTERACTIONS IN Lag ¢7Cag33Mn;_,Fe, O3 -

AN NMR AND MOSSBAUER STUDY

J. Przewoznik?®, Cz. Kapusta®, J. Zukrowski“, K. Krop®, M. Sikora®,
D. Rybicki®, D. Zajac®, B. Sobanek?, C. J. Oates®, P. C. Riedi’
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A combined study of Lag.g7Cag.33Mng.97° Feg.0303 compound by means of zero field
%Mn and *"Fe NMR as well as "Fe Mossbauer spectroscopy (MS) is reported. The
55Mn NMR spectra exhibit a single double exchange line up to the magnetic ordering
temperature, 200 K, determined from magnetization measurements. The hyperfine field
(HFF) remains finite at the magnetic ordering temperature, which reveals discontinuous
character of the transition and the occurrence of a ferromagnetic - paramagnetic phase
segregation. The Mossbauer °"Fe HFF decreases much faster with increasing tempera-
ture than the Mn HFF, which indicates a much lower strength of magnetic interaction
of the Fe moments. Application of a molecular field model to the temperature depen-
dence of the Mn and Fe HFF provides values of the Mn-Mn and the Fe-Mn exchange
integrals, which amount to 1.24(2) meV and -0.62 meV, respectively. In addition, the
Curie temperatures T¢* of ferromagnetic metallic clusters were derived as 297(4) K for
the Fe doped and 344(5) K for the undoped compounds. Such values are considerably
higher than T¢ originally obtained from magnetization measurements.
P-3-01
SPIN DIFFUSION AND RELAXATION IN DILUTED
MAGNETIC ALLOYS.

A. L. Kuzemsky
Bogoliubov Laboratory of Theoretical Physics,
Joint Institute for Nuclear Research,
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e-m: kuzemsky@thsunl.jinr.ru

The theory of the nuclear spin relaxation in solids is formulated from general statistical-
mechanical arguments. The generalized kinetic equations for a system weakly coupled
to a thermal bath are used to describe the relaxation and diffusion of nuclear spins in
solids. The aim was to develop a successive and coherent microscopic description of the
nuclear magnetic relaxation and diffusion in solids. The nuclear spin-lattice relaxation
is considered and the Gorter relation is derived. A detailed theory of spin diffusion of
the nuclear magnetic moment in dilute alloys ( like Cu-Mn) is developed. It is shown,
that due to the dipolar interaction between host nuclear spins and impurity spins, a
nonuniform distribution in the host nuclear spin system will occur and consequently
the macroscopic relaxation time will be strongly determined by the spin diffusion. The
explicit expressions for the relaxation time in certain physically relevant cases are given.
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The magnetic properties of Fe3Si/GaAs(001) hybrid structures are studied. These epi-
taxial ferromagnetic films of 33 and 39 nm thickness show a high crystalline and inter-
facial perfection [1]. Structural characterization and SQUID magnetometry has been
done [2]. We present ferromagnetic resonance (FMR) studies determining the uniaxial
and fourfold anisotropy fields. The easy axis of magnetization is the in-plane [010] direc-
tion. The full angular dependence of the resonance field reveals a small uniaxial in-plane
anisotropy field of -6 to -34 Oe which increases with the Fe concentration. Thus, the
[110] direction is not equivalent to the [110] direction, anymore. Moreover, these samples
show an exceptional narrow linewidth (=5 Oe) confirming the high structural quality.
Supported by DFG (Sfb 290, TP A2).

[1] J. Herfort et al., Appl. Phys. Lett. 83, 3912 (2003).

[2] J. Herfort et al., J. Vac. Sci. Technol. B 22, 2073 (2004).
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The extensive research of metallo-organic chelating compounds is inspired by perspec-
tives of industrial, ecological and biomedical applications. One of this type of metallo-
organic materials are transition metal - chitosan complexes. Recent investigations of Fe-
chitosan complexes were mainly concentrated on the analysis of their chemical structure.
It has been found that both amino [-NHs] and hydroxyl [-OH] groups chelate Fe(III) ions
and more than one polymer chain is involved in the formation of the complex. Moreover,
it has been indicated that Fe(III) ions are either penta- or hexa-coordinated and that
at low temperatures these systems exhibit magnetic ordering. The iron clustering has
been suggested as a plausible explanation for the observed magnetic behaviour. The
lack of the extended magnetic characterization as well as satisfactory description of the
magnetic ordering in Fe-chitosan (related partly to the uncertainty of their structure)
became the reason for the present investigations. In this work the low-temperature dc
and ac magnetic measurements are reported. The results obtained indicate that the
iron atoms do not segregate in the polymer matrix forming clusters, as was suggested
formerly, but the magnetic behaviour of Fe-chitosan is typical of a spin-glass-like rather
than a superparamagnet.
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MAGNETIC PROPERTIES OF Tb;_xZrxFe, COMPOUNDS

R. Tetean, E. Burzo, I.G. Deac, V. Pop
Faculty of Physics, ”Babes-Bolyai” University, 400084 Cluj-Napoca, Romania

The Tby_xZrxFes; compounds with x < 0.5 cristallize in a cubic C15 structure. Mag-
netic measurements were performed in the temperature range 4.2-1000K and external
magnetic fields up to 9T. All the compounds are ferimagnetically ordered. The Curie
temperatures and the spontaneous magnetization at 4.2K decrease when the zirconium
content increase. Considering the terbium magnetic moment like that determined on
TbFey by neutron diffraction, the iron magnetic moments at 4.2K were determined.
The iron magnetic moments are dependent on composition, decreasing from 1.67up to
0.69up. The temperature dependences of the reciprocal susceptibilities are non-linear.
The iron effective magnetic moments, determined from linear region in the high temper-
ature range are little dependent on composition. The ratio r = ‘z—ﬁ between the number
of spins determined in the paramagnetic region and the number of spins at 4.2K increase
when the zirconium content increase, suggesting the increase of the ittinerancy. Finnaly,
the magneetic behavior of iron in this compounds is analyzed.

P-3-05
EPR AND MAGNETIZATION STUDIES OF THE
LaMng.4GCoo,5403 AND HOMDO.4QCOOI5103 SINGLE CRYSTALS

P. Aleshkevych®, M. Baran®, S. V. Shiryaev’, R. Szymczak® and H.
Szymczak®
“Institute of Physics, Polish Academy of Sciences, al. Lotnikow 32/46, 02-668 Warsaw,
Poland
bInstitute of Solid State and Semiconductor Physics, National academy of Science of
Belarus, P. Brovki Str. 17, 220072 Minsk, Belarus

The clectron paramagnetic resonance spectra of Mn** and Co?t ions in the orthorhom-
bic LaMng 46Co00.5403 and HoMng 49Coq 51 O3 single crystals grown by the electrodepo-
sition method have been studied at 9.2 GHz. The observed fine structure was fitted
using spin-Hamiltonian with S=3/2, confirming Mn** assignment. The temperature-
induced spin reorientation accompanied with enhancing of Ho magnetic moment was
found at T=28K in HoMng 49Cog.5103. The overall results of magnetization studies
and EPR indicate on presence of both ferro- and antiferromagnetic interactions at low
temperatures.

The work was supported by the Polish State Commitee for Scientific Research Projectl
P03B 038 27.
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A new class of MEMS LC-resonators for magnetic sensor
Yong-Seok Kim?, Seong-Cho Yu?, Jeong-Bong Lee’, and Heebok Lee®
“Department of Physics, Chungbuk National University
PErik Jonsson School of Engineering and Computer Science, University of Texas at
Dallas
“Department of Physics Education, Kongju National University

A new class of LC-resonators for magnetic sensor was invented and fabricated using
MEMS technique. The LC-resonator consists of a micro-inductor with ferromagnetic
microwire cores and a capacitor connected in parallel to the micro inductor. The mi-
crowire was fabricated by a glass-coated melt spinning technique. The solenoid type
micro-inductor is 1.5 mm in length with 10 turns. Since the permeability of ultra soft
magnetic microwire is changing rapidly as a function of external magnetic field. The
resonance frequency as well as the current through the circuit is changing drastically
according to the external magnetic field. The measurement of impedance of the LC-
resonator was carried out at high frequency range from 100 MHz up to 1 GHz with
a network analyzer and an impedance analyzer along the microwire direction and at
varying axial dc-magnetic field in range of £300 Oe. The impedance vs. magnetic field
curve was changing abruptly at near the resonance frequency. The change of phase angle
as much as 180 degree evidenced the occurrence of resonance. The resonance frequency
can be tuned from 100 MHz to 1 GHz by changing. Numerical simulations as well as
theoretical investigation are also discussed.

P-3-07
INFLUENCE OF HYDROGEN BONDS ON MAGNETIC
PROPERTIES OF Cu(dmen):M(CN)4, (M=Ni, Pt) - S =1/2
LOW-DIMENSIONAL HEISENBERG ANTIFERROMAGNETS
E. Cizmiar®, A. Orendiéova®, M. Orendac?, J. Kuchar?, M. Vavra®,
I. Potocnak’, J. Cerndk’ and A. Feher®
@Centre of Low Temperature Physics of the FS UPJS & IEP SAS, Park Angelinum 9,
04154 Kosice, Slovakia

bInstitute of Chemistry, P.J. Safarik University, Moyzesova 11, 04001 Kosice, Slovakia

The magneto-structural correlations in materials Cu(dmen)2M(CN)y, where M=Ni or
Pt, and dmen is N,N-dimethylethylenediamine, have been investigated. In previous
work [M. Orend4¢ et al., Solid State Commun. 94 (1995) 833] devoted to the study of
Cu(en)2Ni(CN)y, where en is ethylenediamine, layered magnetic structure is created by
weak exchange paths between magnetic Cu(Il) ions. The ligand en was consequently
replaced by larger dmen with aim to weaken the exchange coupling through the ligands.
Thermodynamic and magnetic properties of the studied systems suggest the presence
of a weak antiferromagnetic exchange interaction. Observed A-like anomaly in the tem-
perature dependence of the specific heat of Cu(dmen)sNi(CN)y at T=0.19 K might be
attributed to the formation of long-range order due to the presence of exchange coupling
between the planes but the entropy removed above the transition temperature represents
50% of the total magnetic entropy suggesting low-dimensional character of the system.
The influence of hydrogen bonds connecting larger dmen ligands on magnetic dimen-
sionality of studied materials is discussed.
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MAGNETIC PROPERTIES OF TM;[Cr(CN)gle-nH2O
M. Zentkova®, M. Mihalik*, J. Kovac¢®, A. Zentko®, Z. Mitréova®,
M. Lukiéova?, L. F. Kiss®
“Institute of Experimental Physics, SAS, Watsonova 47, 043 53 Kosice, Slovak Republic

YResearch Institute for Solid State Physics and Optics of the Hungarian Academy of
Sciences, P.O. Box 49, H-1525 Budapest, Hungary

Recently, Prussian blue analogues TML[Cri(CN)glo-nHo0, crystallizing in fec crys-
tal structure, have received increasing attention as molecule-based magnets. In these
materials the effective exchange interactions between TM and Cr via the cyano lig-
and are strong, leading to high Curie temperature T, ranging from 7T, = 16 K for
Fell[Cr (CN)g]onH20 to T = 314 K for VY [Cr(CN)g]a-nHo0. Magnetic ordering
varies from ferrimagnetic to ferromagnetic in relation to 3d ions present in the struc-
ture. The Curie temperature decreases linearly from maximal value for VI'-compound
reaching minimal value for Fel'-compound and increases again linearly having the max-
imal value for Cu'~compound. All compounds obey the Curie-Weiss law in the high
temperature region. In our paper we report on detailed study of magnetic properties
of Prussian blue analogues TME[Cr™(CN)g]2nH50, where TM = Mn, Fe, Co and
Ni. In addition to already published results we have found hysteresis behavior in ZFC
and FC magnetization curves for all compounds with temperature of bifurcation only
slightly dependent on applied magnetic field. A detailed study of M (B) curves and
M(T) dependencies suggests possible field induced re—arrangement of magnetically or-
dered state leading to increase of the Curie temperature of about 4 K for Fe- and Co-
hexacyanochromates.
P-3-09

GIANT MAGNETOIMPEDANCE IN SOFT MAGNETS

M. Kuzminski
Institute of Physics, Polish Academy of Sciences,
Al. Lotnikow 32/46, 02-668 Warszawa, Poland

Magnetic field dependence of the electrical impedance in a magnetic material (magneto-
impedance) may be very strong in the case of soft magnetic conductors (in a form of
thin wire, ribbon, film or various composite structures) at sufficiently high frequencies
of an ac-current. The giant magnetoimpedance (GMI) effect, which is a manifestation
of strong change of penetration depth of the ac current through a magnetic conductor
(skin effect), is related to changes in the dynamics of magnetization process which affect
the magnetic permeability. This effect attracts much attention because of its potential
applications and as a tool for magnetic materials characterization. In the present work,
GMI effect and its relation with magnetic anisotropy was studied in Co-based amor-
phous ribbons modified by thermal treatment (which leads to changes in magnetic and
magneto-impedance characteristic of the ribbon because of alterations in local magnetic
anisotropy). The samples with residual stress, stress relaxed and with intentionally
induced anisotropy were studied. The magnetization characteristics and impedance de-
pendence on magnetic field at various frequencies of an ac-current (up to 30 MHz) have
been measured. The influence of various anisotropy contributions has been determined
and a possibility of tailoring of magnetoimpedance effect has been demonstrated.
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EFFECTIVE SPIN-ORBITAL MODEL FOR MANGANITES
M. Daghofer,® D. R. Neuber,* A. M. Oles,’ and W. von der Linden®
%Institute of Theoretical and Computational Physics, Graz University of Technology,
Petersgasse 16, A-8010 Graz, Austria
YMarian Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, PL-30059 Krakoéw, Poland

We study a two-dimensional (2D) effective orbital ¢-J model [1] derived for strongly
correlated e electrons in doped manganites. At half doping, ferromagnetic (FM) and
antiferromagnetic (AF) correlations closely compete, and a relatively small additional
AF for the t54 core spins can trigger either antiferromagnetism or ferromagnetism. In the
ferromagnet, alternating orbital order develops, while predominantly, but not exclusively,
the orbitals within the plane are occupied in the AF case. Because the FM and AF
states have very similar energy, small changes in the concerning parameters can have a
large impact and can switch the system from one scenario to the other. For the same
reason, spin order is destroyed easily with rising temperature. Upon doping, the kinetic
energy drives a transition to ferromagnetism in the AF case and enhances occupation
of the more mobile in-plane orbitals for the FM plane. We investigate the 2D model
for parameters relevant to monolayer manganites and also treat the case of two coupled
layers, i.e., bilayer compounds. Finally, we discuss the cooperative character of the
changes in magnetic correlations and orbital reordering found recently in monolayer
manganites.

[1] M. Daghofer, A. M. Oles and W. von der Linden, Phys. Rev. B 70, 184430 (2004).

P-3-11
THE STRUCTURE AND PROPERTIES CHANGES OF
DISPERGATED FILMS ON THE BASIC OF 3d-METAL

A.Bajtsar®, O.Mykolajchuk®, B.Yatsyshyn®
“I.Franko Lviv National University, Kyryla and Mephodyja 8, 79005 Lviv, Ukraine
’Lyiv Commercial Academy, Tuhan-Baranovskoho 10, 79008 Lviv, Ukraine

Amorphous and crystalline Fe-Ge films (thickness on 50-200 nm) were prepared by
thermal coevaporation on the dielectric substrate. The results obtained by means of a
X-ray diffraction analysis method have shown the complete absence of diffraction peaks,
corresponding to a crystalline state. Crystalline films were deposited on substrates at
temperature above 500 T,K.

The subject of this paper is the effect of a single-layer film structural condition, its
thickness and the grain size on a coercive force quantity (H.). It was used padding
exterior magnetic (H=3103 Oe) and electrical (E = 105 V/m) fields for regulation the
grain size in films. A dominant role of an electrical field at decrease of 3d-metal clusters
size, and increase of specific share of antimagnetic matrix interlayer were established.
Decrease the concentration Ge in system to lead to increase the coercive force quantity
(H.).

The present results on the microstructure and physical properties of dispergated films
on the basic of 3d-metal has allowed to implement conditions to produce of the high
resistance materials. Coercive force quantity depend primarily on the crystalline grain
size and Ge-concentration of the alloys.
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Magnetic properties and '"H NMR spectroscopy of
TM3 [W!V(CN)g].nH,0
J.Kovac*, M.Bokor?, M.Zentkova®, A.Zentko®, Z.Mitréova®, K.Kamaras®
“Institute of Experimental Physics, Slovak Academy of Sciences,
Watsonova 47, 043 53 KoSice, Slovakia
b Research Institute for Solid Physics and Optics, H-1121 Budapest, Hungary

Possible existence of photoinduced magnetically ordered state in octacyanowolframates
with 3d-ion attracts attention of physicist and chemists. In our paper we report on
a detailed study of magnetic properties of bimetallic extended networks built from
WIV(CN)g?~ and M2+ = Cu?*, Co?*, Ni%*+, Mn?*, Fe?*. Prepared powders were char-
acterized by means of thermogravimetry, UV-VIS, IR spectroscopy and X-ray diffrac-
tion. Mn and Fe containing compounds were found to crystallize in tetragonal, while
Cu and Ni in orthorombic system. It is well known that W'V is in non-magnetic state
with S = 0 and therefore magnetic properties of octacyanowolframates are fully deter-
mined by weak antiferromagnetic exchange interaction between magnetic 3d-ions via
NC-W!V-CN diamagnetic spacer. The weak exchange interaction is the reason for ap-
pearance of magnetically ordered state only at very low temperatures. We have found
that susceptibility data follows the Curie Weiss law above T' = 20 K. Deviations from
Curie-Weiss law below 10 K indicate a short range magnetic ordering. In addition,
when T decreases x,, T value is roughly constant till T'= 10 K and then decreases. This
is another indication of very weak antiferromagnetic interactions at low temperatures.
The 'H NMR signals reflect the magnetic moment of the TM ions (up). The decay rates
of FID signals increase as up and the applied static rf field increase.

P-3-13
Magnetic properties of La(Co;_,;M;)3 Intermetallic Compounds
with M=Ni or Mn

C.B. Cizmas', E. Burzo?, R.Tetean?, V. Pop?
! Transilvania University, Brasov, Romania
2Babes-Bolyai University, Faculty of Physics, 400080 Cluj-Napoca, Romania

The La(Coj_,M; )13 compounds with M=Ni or Mn crystallize in a NaZn;3 type struc-
ture, for x< 0.2. Magnetic measurements were performed in the temperature range,
4.2-1300K and external fields up to 9T. The Curie temperatures decrease nearly linear
from 1290K (x=0) up to 740K (x=0.2) for M=Mn and 760K (x=0.2) for M=Ni. The
mean transition metal moments at 4.2K increase slowly from 1.6 5 /atom for x=0 to 1.7
wp/atom for x=0.05 (M=Mn) and x=0.08 for M=Ni and then decrease. Paramagnetic
measurements were also performed for compounds with high substitutions at cobalt
sites. The magnetic behaviour of transition metals were correlated with the varriation
of the exchange interactions in the systems.
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THE ORIGIN OF LOW-DIMENSIONAL MAGNETISM IN
Cu(en)2Ni(CN)y; AND Cu(en)2Pt(CN)y.

K. Tibenska”, A.Orend4cova®, E. Cizmar®, J.-H. Park’, M. Orend&c®,
A. G. Anders®, M. Vavra?, I. Poto¢nak?, J. Cernik?, A. Feher® and
M. W. Meisel®
@ nstitute of Physics, Centre of Low Temperature Physics, P.J. Safarik University,
Park Angelinum 9, 041 54 Kosice, Slovakia
"Department of Physics and Center for Condensed Matter Sciences,
University of Florida, Gainesville, FL 32611-8440, USA
“Institute for Low Temperature Physics and Engineering, Lenin Av. 47,
310164 Kharkov, Ukraine
dnstitute of Chemistry, P.J. Safarik University, Moyzesova 11, 041 54 Kosice, Slovakia

The comparative analysis of the structural and magnetic properties of the chain-like
materials Cu(en)aNi(CN)y and Cu(en)sPt(CN)y (en = CoHgNsg) has been performed.
The results suggest that the origin of the two-dimensional (2d) short-range correlations
observed below 1 K cannot be unambiguously ascribed to a combined effect of intrachain
covalent pathways and interchain coupling formed by hydrogen bonds, as previously
proposed [1]. An EPR investigation of the symmetry of the local Cu(II) surroundings
at 4 K, complemented by the studies of the hydrogen bond geometry, susceptibility,
and magnetization, suggest the magnetic correlations between Cu(II) ions are mediated
predominantly through a 2d net of hydrogen bonds.

[1] M. Orendéé, A. Orendéacova, J. Cerndk, A. Feher, Sol. St. Commun. 94 (1995) 833.
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[Ni(Prixa)s(pyr)], - LOW - DIMENSIONAL S = | HEISENBERG
MAGNET.

A. Orendicéova®, A. Zorkovska®, J.-H. Park’, M. Orend4é®, Z. Travnicek®,
A. Feher® and M. W. Meisel®
“Faculty of Science, Institute of Physics, Centre of Low Temperature Physics,
P.J. Safarik University, Park Angelinum 9, 041 54 Kosice, Slovakia
YDepartment of Physics and Center for Condensed Matter Sciences,
University of Florida, Gainesville, FL, 32611-8440, USA
“Department of Inorganic and Physical Chemistry, Palacky University,
Kiizkovského 10, 77 147 Olomouc, Czech Republic

[Ni(Prixa)s(pyr)], was previously identified as an S = 1 Heisenberg chain with intra-
chain interaction J/kp = —2.7 K and subcritical single-ion anisotropy D [1]. Specific
heat measurements conducted from 100 mK to 10 K in zero magnetic field revealed
the presence of a A-like anomaly, at T, = 2.2 K, that can be associated with a phase
transition to an ordered state. Magnetic entropy removed above T, indicates a low-
dimensional character of the magnetic system. Strong deviations between the specific
heat data and the S = 1 Heisenberg chain model with various D/.J ratios can be ascribed
to the presence of a set of hydrogen bonds, mediating an additional exchange coupling
J'. This interaction and the intrachain coupling J form a two-dimensional triangular
S = 1 Heisenberg lattice that governs the magnetic behaviour above T'..

[1] A. Orendéacovd, M. Orend4a¢, Z. Travnicek, M.W. Meisel, phys. stat. sol. (a) 196
(2003) 278.
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HYPERFINE INTERACTIONS AND MAGNETIC, TRANSPORT
AND STRUCTURAL PROPERTIES OF La0,67Ca0.33Mn0,9457Fe0,0603

J. Przewoznik?, J. Zukrowski’l, J. Chmist®, Z. Tarnawski?,
A. Kotodziejczyk?, K. Krop?, K. Kellner?, G. Gritzner?
“Faculty of Physics and Applied Computer Science, AGH University of Science and
Technology, Al. Mickiewicza 30, 30-059 Cracow, Poland
Institut fiir Chemische Technologie Anorganischer Stoffe, Johannes Kepler Universitét
Linz, A-4040 Linz, Austria

The Lag g7Cag.33Mng.94° Feg.06 03 compound was studied using powder X-ray diffraction
(XRD), VSM magnetometry, four-probe resistance (R) measurements and Mossbauer
spectroscopy. XRD measurements were performed between 4 and 500 K and precise
values of the unit cell parameters vs temperature were obtained. The metal-insulator
transition temperature Ths—;, defined as the maximum of the R(T) curve, was found
surprisingly low and equal to 62 K. The *"Fe Massbauer spectra were recorded between
15 K and 850 K. The Curie temperature (T¢ = 141 K), determined from temperature
dependence of the *"Fe hyperfine field, was in good agreement with the magnetisation
result (142 K). Our results on Lag.¢7Cag.33Mng.04° Feg.0603 clearly reveal that substi-
tution of Fe3t for Mn®t suppresses locally double exchange interactions and strongly
affects the magnetic and transport properties of the parent compound. It causes the
strong reduction of T, the huge difference between T and Th;_; temperatures and
complete suppression of the thermal expansion anomaly at T¢.

P-3-18
MAGNETIC PROPERTIES OF Ni;MnGa HEUSLER ALLOY
FILMS

J. Dubowik ¢, I. Goscianska * ,Y. V. Kudryavtsev ¢, Y. P. Lee ¢, P. Sovak °,
M. Koné ¢
“Institute of Molecular Physics, Polish Academy of Sciences, Poznan, 60-179, Poland
*Dept. of Physics, A. Mickiewicz Univ., Umultowska 85, 61-613 Poznaii, Poland
“Institute of Metal Physics, Natl. Academy of Sciences of Ukraine, Kiev-142, Ukraine
4 Quantum Photonic Science Research Center, Hanyang Univ., 133-795 Seoul, Korea
“Dept. of Physics, P. J. Safarik University, Park Angelinum 9, 041 54 Kosice, Slovakia

Ni-Mn-Ga Heusler alloys have recently attracted a great attention since they reveal a
magnetically driven shape memory effect. We report our results concerning structure
and magnetic properties of off - stoichiometric Ni-Mn—Ga films prepared by magnetron
sputtering or flash-evaporation. The aim of this contribution is to investigate the effect
of ordering on the magnetic properties of Ni-Mn-Ga films. The films with composition
NixMnyGa, (x = 50 £ 5,y = 25+ 5,z = 25 & 5) were deposited on mica or glass
substrates at room temperature. The films were annealed in a high vacuum at 770
- 780 K for 0.1 to 1 hr. XRD at room temperature reveals the presence of B2 (or
L21) type of structure. Magnetic properties were studied by ferromagnetic resonance
(FMR) at temperatures from 78 K to 500 K. It is shown that the magnetic properties of
the films critically depend on structural ordering. The as-received films are practically
nonmagnetic with no trace of a martensitic transformation while those annealed at the
highest temperatures show the magnetization M (78K ) ~ 600 G, the Curie temperature
Te ~ 390 K and the martensitic transformation at Ty = 200 - 300 K depending on
composition. Results show that both the effective magnetization and FMR linewidth
are useful for monitoring structural ordering in these films.
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THE EFFECT OF Ge SUBSTITUTION IN Ni,MnGa,_,Ge,
HEUSLER ALLOYS AND FILMS

I. Goscianska ¢, J. Dubowik ?, Y. V. Kudryavtsev ¢, A. Jezierski ”
%Dept. of Physics, A. Mickiewicz Univ., Umultowska 85, 61-613 Poznan, Poland
Institute of Molecular Physics, Polish Academy of Sciences, Poznan, 60-179, Poland
“Institute of Metal Physics, National Academy of Sciences of Ukraine, Kiev-142,
Ukraine

Structural instabilities typical of Ni-Mn-Ga Heusler alloys with ferromagnetic shape-
memory effect have recently been predicted to exist in NisMnGe !. We present the results
on the effect of adding Ge on the magnetic properties of NisMnGa;_,Ge, (0 < z < 0.4)
alloys and thin films. It is found that the alloys are single phase with L2; ordering
(cubic lattice constant a ~ 0.581 nm). The Ge addition causes a drastic decrease in
the martensitic transformation temperature from Ty = 200 K (z = 0) to Ty = 50 K
(x = 0.4) with almost no effect on the Curie temperature T ~ 390 K and magnetization
Mg(0) ~ 450—500 G. The magnetic properties of thin films strongly depend on ordering.
The ordered films deposited by flash-evaporation from the powdered alloys have similar
L2y (or B2) ordering and exhibit the magnetic properties similar to the properties of
corresponding bulk alloys. First principle calculations of site-projected density of states
for Ga and Ge were carried out to trace differences in the spin-down electronic states
close to the Fermi level.

'A. T. Zayak and P. Entel, J. Magn. Magn. Mater. (preprint)
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THE INFLUENCE OF BALL MILLING ON CURIE
TEMPERATURE OF AMORPHOUS CoFeSiB POWDER

Jozef Bednaréik®, Peter Kollar?, Stefan Roth® and Jozef Kovaé©
“Department of Condensed Matter Physics, Faculty of Science, P.J. Saférik University,
Park Angelinum 9, 041 54 Kosice, Slovakia
PTFW Dresden, Institut fiir Metallische Werkstoffe,

Helmholtzstrasse 20, 010 69 Dresden, Germany
“Institute of Experimental Physics, Slovak Academy of Sciences,
Watsonova 47, 043 53 Kosice, Slovakia

The amorphous ribbons with nominal composition Corg sFey 7Si10B15 (at.%) were pre-
pared by melt spinning technique. These ribbons were cut into small pieces (5x10 mm?)
and milled up to 12 hours using a RETSCH PM4000 planetary ball mill. The milling
was done under argon atmosphere at ball to powder weight ratio 31:1 with a speed of
200 rpm. X-ray diffraction on powder samples revealed no significant change of struc-
ture and after 12 hours of milling powders remain amorphous. On the other hand,
observed change in crystallization process by use of differential scanning calorimetry
indicate quite strong influence of milling on microstructure of milled powders. Further,
from the thermo-magnetic measurements it is evident that ball milling causes the Curie
temperature of amorphous phase (TZ™) to increase. After 12 hours of milling the powder
sample exhibited 40 K higher T as compared to as quenched ribbon (Tg" = 627K).
The thermo-magnetic measurements on heat-treated ribbons suggest that such increase
in TE" is not only due to temperature rises during the milling and may be attributed
to the combination of mechanical and thermal effects connected with nature of milling.
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A XAS STUDY OF Ru DOPED N=1,2 RUDDLESDEN POPPER
MANGANITES AND Cag 5Srg5GaMn,Osg.

C.J. Oates”, Cz.Kapusta®, M. Sikora®, D. Zajac®, B. Sobanek”,
J. Zukrowski®, F. Bondino’, M. Matteucci’, Rocio Ruiz-Bustos®,
P.D. Battle®, M.J. Rosseinsky?, E. Welter®
“Department of Solid State Physics, Faculty of Physics and Applied Computer Science,
AGH University of Science and Technology, 30-059 Cracow, Poland.
PINFM-TASC, Beamline BACH, Area Science Park, Basovizza, 34072 Trieste, Italy.
“Inorganic Chemistry Department, University of Oxford, South Parks, Oxford, U.K.
?Department of Chemistry, University of Liverpool, Liverpool, U.K.
“HASYLAB, DESY, 85 Notkestrasse, Hamburg, Germany.

We report on the results of XAS studies at the Mn:Ls 3, Ru:K and O:K edges of novel
manganites, SroMng sRug 504, SrsMnRuO7 and Cas 5Srg5GaMnsOg. Measurements
were carried out on polycrystalline powder samples at room temperature. From the
analysis, values of the mean Mn valence amounting to 3.42(5) for bilayer SrsMnRuO7 and
3.08(5) for single layer SroMng 5Rup 504 are obtained. The corresponding Ru valences
are 4.58(5) and 4.92(5), respectively. This indicates that Ru doping gives rise to a
decrease of Mn valence, whereas Ru valence increases, compared to Mn*t and Ru**t in
undoped compounds. Measurements on Cas 5Srg.5GaMnsOg show the Mn mean valence
of 3.50(5), which agrees with stoichiometry and, consequently, no deviation from nominal
oxygen stoichiometry is concluded. A relation of the results to bulk magnetic properties
of the compounds is discussed.
P-3-22

ELECTRONIC STRUCTURE AND MAGNETISM
OF LaVOj3 and LaMnOg

R. J. Radwanski®’ and Z. Ropka®
@Center of Solid State Physics, S Filip 5,31-150Krakow,Poland
bInstitute of Physics, Pedagogical University, 30-084 Krakow, Poland
e-mail: sfradwan@cyf-kr.edu.pl; http://www.css-physics.edu.pl

LaVO3; and LaMnOg are a subject of large interest by almost of 30 years due to their
anomalous magnetic properties. In this contribution we derive and discuss energy levels
of the strongly-correlated d? configuration of the V3* ion and of d* configuration of the
Mn?* ion in the octahedral surroundings in the presence of the spin-orbit coupling and
the resulting magnetic properties. We take into account very strong correlations among
the d electrons and work with strongly-correlated atomic-like electronic systems, ground
term of which is, also in a solid, described by two Hund’s rules quantum numbers. In
a solid we take into account the influence of crystal-field interactions, predominantly
of the cubic (octahedral) symmetry. We describe both paramagnetic state and the
magnetically-ordered state getting a value of 1.4 up for the V3*-ion magnetic moment
in the ordered state at 0 K of LaVOg; (3T1_,,) and of 3.7 up for LaMnO3 (°E,). Both
values well reproduce the experimental data. A remarkably consistent description of
both zero-temperature properties and thermodynamic properties indicates on the high
physical adequacy of the applied atomic approach, being somehow a continuation of
Van Vleck’s studies. The shown ground states have been confirmed recently by other
researchers. We point out the necessity to unquench the orbital moment in 3d-ion
compounds.
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MAGNETIC EXCITATIONS IN FCC Mn (37%Fe, 3%Cu) ALLOY.
K. Mikke® J. Jankowska—Kisieliﬁslga"’ and B. Hennion’
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’Laboratoire Léon Brillouin, CEN Saclay, France

The similarity of phase diagrams of Mn-Fe and Mn-Ni alloys was thougt to imply the
similarity of the concentration dependence of the parameters of the magnetic excitations
in these alloys. Our systematic studies demonstrated the essential differences between
these two systems. Within this program the inelastic neutron scattering (INS) in the
FCC Mn(37%Fe,3%Cu) alloy was measured at temperatures ranging from 1.7 K up to
600 K. Since our earlier study of the FCC Mn(38%Ni) demonstrated the pronounced
uniaxial anisotropy both in the static and dynamical part of the generalised susceptibil-
ity one of the aims was the search for the similar feature in the FCC Mn-Fe system. The
results of our present measurements did not confirm these expectations. The temper-
ature dependence of spin wave parameters was another aim of our investigations. The
spin wave dispersion relation for higher temperatures becomes stronger than the linear
one observed at low temperature. The spin wave damping increases with temperature
slower for lower energies than for higher energies. This is in contrast with the data for
the fct Mn(10%Fe, 3%Cu) where the damping parameter was found to be temperature
independent excepting the region close to the Neel temperature.

P-3-24
Density functional calculations of AuszCo

Mahdi Sargolzaei, Ingo Opahle, and Manuel Richter
Leibniz-Institute for Solid State and Materials Research, IFW-Dresden, P.O. Box
270016, D-01171 Dresden, Germany

The investigation of magnetic properties and the electronic structure of cobalt atom in
different chemical and structural environment is a fascinating field of research. In the
present work, we modelled the hypothetical AuzCo theoretical compound, where the Co
atom is surrounded by three gold atoms as a model for high Co concentration in gold.
The magnetic properties of the Co atom in this structure have been calculated in the
framework of local spin density approximation (LSDA) using the relativistic version of
the full-potential local orbital minimum basis code. We also compare the two different
approaches to calculate the magnetocrystalline anisotropy energy called the total energy
approach and the force theorem approach.
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A microscopic model of the oxygen vacancies in Ca-doped YIG
A. Szamer?, A. Lehmann-Szweykowska® and P.E.Wigen”

@A. Mickiewicz University, Institute of Physics, Poznan, Poland
®Ohio State University, Dept. of Physics, Columbus, USA

Annealing experiments carried out on calcium doped yttrium iron garnet (Ca : YIG) in
a reducing atmosphere, show decreases in the magnetisation over the entire temperature
range. The electrical resistivity and the electric activation energy, however, increase.
Charge carriers in Ca : YIG are positive compensating holes. We compare with each
other two situations, in which a compensating hole can be found. The first is the local-
ization at an oxygen site which means the occupation of a hybridized eigen-energy level
of an iron-oxygen cluster. The other is the localization of the hole in an attractive trap
center. The latter is regarded as a result of a missing oxygen ion between the tetrahe-
dral and octahedral iron-oxygen ionic clusters. For a sufficiently shallow trap, localized
energy levels of the vacancy are considered to be eigen-energies of the hydrogen-like
7atom”. Assuming the Bohr radius equal to the calcium - oxygen distance, we can esti-
mate the ground-state energy varying both the dielectric constant and the hole’s effective
mass. Communication between the tetrahedral and octahedral iron-oxygen clusters is
maintained due to the s — d hybridization. We find the energy-level structure of the pair
of the clusters with either the ferro- or antiferromagnetic order of the spins. A difference
in the respective ground states energies of the pair is equal to a superexchange parameter
between the clusters’ spins. Moreover, we find the current-voltage characteristics of the
pair on the basis of the Landauer-like formula for the charge transfer.

Acknowledgements. This work was supported by Grant No. PBZ-KBN-044/P03/2001

P-3-26
FINE HEXAFERRITE PARTICLE POWDERS AS
MAGNETIC RECORDING MEDIA, PREPARED BY
COPRECIPITATION-SELFCOMBUSTION

N.Rezlescu, C. Doroftei, E.Rezlescu and P.D.Popa
Institute of Technical Physics, Bd. D.Mangeron 47, Iasi 700050, Romania

In order to obtain Sr and Ba hexaferrite powders with submicron crystallites, we
used a new method, self combustion, and heat treatments. By combustion it was
obtained magnetic powders having a nanometer granular structure and
characterized by the followings: M = 44.7 emu/g and He= 520 Oe for SrFe,019
and M = 31 emu/g and Hi= 350 Oe for BaFe ;09 and nanosized crystallites
(about 50 nm). It was investigated the effect of the annealing time on the grain
size and several magnetic properties (magnetization and coercivity). After a
short annealing time (5 — 10 minutes) at 1000°C the coercivity achieved an
important increase, to about 5000 Oe for Ba hexaferrite and to about 3400 Oe
for Sr hexaferrite, whereas the grain size does not exceed 300 nm. By doping
with 1 mol CaO, it was obtained a spectacular increase of coercivity of
SrFe 2019, to about 6000 Oe by annealing at 800°C for 5 — 10 minutes. Smaller
magnetization for Ca-doped samples than that of the undoped samples can be
explained by rearranging Fe ions in the distorsioned structure.
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ON THE MAGNETIC GLASS-CERAMIC CONTAINING Li
AND Ba FERRITE CRYSTALS

E. Rezlescu, C. Doroftei and N. Rezlescu
Institute of Technical Physics, B-dul D. Mangeron 47, 6600 Iasi, Romania

In this paper we present some results for the oxide composites containing Li or
Ba-M ferrite fine particles randomly dispersed in a glassy matrix. The samples
were obtained by glass crystallisation method which permits a gradual control
of particle size. It was investigated the evolution of the microstructure and the
magnetic properties in terms of heat treatment temperature of the glass ceramics
containing LiFesOg and BaFe ;09 fine magnetic crystals. The average crystal
block size, Dy, was determined by X-ray diffraction using Scherrer’s formula.
Crystals of ferrite with sizes ranging from 3.5 to 50 nm for Li ferrite and from
50 to 320 nm for Ba-M ferrite, depending on the annealing temperature, were
observed. Correspondingly, it was obtained that the crystalline fraction in the
glassy mass increases with increasing annealing temperature. The magnetic
behaviour (specific magnetization ¢ and coercivity Hc) is discussed in terms of
the evolution with thermal annealing of the size of LiFesOg and BaFe ;019
crystals, dispersed in the glassy matrix.

P-3-28

The NMR °°Mn study of the Lag.75570.05Mn0O3 nanoparticles

D. Rybicki?, Cz. Kapusta®, Z. Jirak’, K. Knizek’, M. Marysko®, E. Pollert’,
P. Veverka®
“Department of Solid State Physics, Faculty of Physics and Applied Computer Science,
AGH University of Science and Technology, Cracow, Poland
bInstitute of Physics, Cukrovarnicka 10, 162 53 Prague 6, Czech Republic

We report on a 5°Mn NMR study of the Lag 75570.205MnOs nanoparticles with the
average grain size of 33nm and 114nm at 4.2K and at the applied field 0, 0.2 and 0.5T.
A dominant signal from the double exchange (DE) controlled metallic ferromagnetic
interior of the grains as well as a small signal from insulating ferromagnetic surface
regions of the grains are observed. The DE resonant line shows a frequency shift in the
applied field according to a full gyromagnetic ratio and a value of the demagnetizing
field much smaller than 0.2T is obtained. In both samples studied a two-exponential
nuclear spin-spin (7%) relaxation is observed at zero field, whereas a single-exponential
relaxation is observed at the applied field of 0.5T. For the sample with larger grains a
higher NMR enhancement is observed, which indicates a higher magnetic susceptibility
of the sample at the NMR frequencies. A comparison to the NMR data obtained on a
bulk material is made. The results are discussed in terms of the influence of the grain
size and on the presence of domain walls or other magnetic inhomogeneities and on the
magnetic anisotropy.
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MAGNETIC AND THERMODYNAMIC PROPERTIES OF
Cu(NHj3),Ag,(CN), AN S =1/2 QUASI - TWO DIMENSIONAL
MAGNET.

A. Vlicek?, M. Orendac®, A.Orendacova®, M. Kajnakova®, T.
Papageorgiou®’, J. Chomié‘, J. Cernak®, A. Feher®
“Faculty of Science, Institute of Physics, Centre of Low Temperature Physics, P.J.
Saférik University, Park Angelinum 9, 041 54 Kosice, Slovakia
b Department of Experimental Physics V, University of Bayreuth, Universititstrasse
30, D-95447 Bayreuth, Germany
¢ Faculty of Science, Institute of Chemistry, P.J. Safirik University, Moyzesova 11, 041
54 Kosice, Slovakia

The crystal structure, thermodynamic properties and ESR spectra of Cu(NHj3)2Aga(CN)4
have been studied. The material consists of 2d sheets in which octahedrally coordinated
Cu(II) ions are linked by diamagnetic [Ag(CN)3]?~ units forming a square lattice. Al-
though the susceptibility and specific heat data reveal the existence of short - range order
at about 2 K, quantitative analysis of the experimental data confirmed that the magnetic
behaviour differs from that expected for 2d Heisenberg magnet on the square lattice.
Structural features responsible for the observed difference are discussed. In addition, it
is suggested that additional degrees of freedom represented by rotational states of NHg
units contribute to thermodynamic equilibrium properties in the milikelvin temperature

range.
P-3-30
Structure and magnetic anisotropy of Co\Au(111) films

A. Walczak*, J. Hafner™*, D. Spisak™, P. Weinberger***, J. Zabloudil***,
P. Beauvillauin****, J. Ferre™**, and B. Bertenlian****
* A. Mickiewicz University, Institute of Physics, Poznan, Poland
** Institut fur Techische Electrochemie, Technische Unversitat Wien, Austria
*** Center for Computational Materials Science, Universitat Wien
#**Institut d’Electronique Fondamentale, Universite Paris-Sud, Orsay, France

Numerical calculations combined with the theoretical analysis,concerning Co\ Au(111)
and Ag\Co\Au(111) thin films, aim at a microscopic interpretation of empirical data
obtained by A. Maziewski and his group. The data show rather striking properties of
surface and interface magnetism in these materials, and indicate their strong magnetic
anisotropy. The structural and magnetic properties of thin Co films epitaxially grown
on Au(111) substrates, are investigated using ab-initio local density calculations. It is
shown that there is a large lattice intermismatch between Co and Au(111), which causes
a growth mode of the polygonal Co islands of two atomic layers with a hep structure.
The lattice mismatch at the Co — Au interface leads to a buildup of the lattice strain.
An enhancement of the magnetic moment on the free surface as well as at the hep\ fee
interface is found. The influence of the capping Ag layers on the film’s relaxation and
on its magnetic moment has been also considered. In order to obtain energy of the mag-
netic anisotropy for the cobalt films, we perform relativistic spin-polarized local spin
density calculations.We analyze an influence of Ag , which plays a prominent role as a
substantial effect of the shape anisotropy in Co\Au(111) films. It is also proved that
magnetic anisotropy of Co/Au(111) and that of Ag\Co\Au(111) films essentially differ
from each other.
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MAGNETIC STRUCTURES IN CUBIC RCus (R=Tb, Dy, Ho)
COMPOUNDS

B. Idzikowski', A. Kreyssig?, M. Loewenhaupt?, Z. Sniadeckil, A. Hoser?,
K.-H. Miiller®
! Institute of Molecular Physics, PAS, Poznaii, Poland
2 Technische Universitaet Dresden, Germany
3 Leibniz Institut fuer Festkoerper- und Werkstoffforschung Dresden, Germany
4 Hahn-Meitner Institut, Berlin, Germany

The magnetic and structural properties of melt spun RCus (R=Tb, Dy, Ho) with the
cubic AuBes type structure have been investigated with the neutron diffraction and
magnetic measurements. Samples consisting of small polycrystalline plates of RCus
have been measured in a magnetic field up to 57" and a temperature range of 1.7 — 50K.
By magnetisation measurements it has been found that TbCus and DyCus behave an-
tiferromagnetically below a temperature of 15K and 7K, respectively. In zero magnetic
field the magnetisation of HoCus shows a sharp maximum at 3K characteristic for anti-
ferromagnetic ordering, but below 3K its dependence of the magnetisation on an applied
magnetic field is typical for ferromagnetic materials. For R=Tb an antiferromagnetic
G-type structure in the fcc lattice was determined by neutron diffraction experiments
at 4.2K [1]. Our measurements confirm these results. The HoCus sample did not show
long range magnetic order zero field. At 2K and at magnetic fields greater than 0.57
ferromagnetic peaks were found.

[1] T. Kaneko et al., J. Magn. Magn. Mater. 54-57 (1986) 469

0-4-02
Electronic structure of RAg:Ges (R = Pr, Nd) compounds

A. Szytula®, D. Kaczorowski’ and B. Penc?®
M. Smoluchowski Institute of Physics, Jagiellonian University, Reymonta 4, 30-059
Krakow, Poland
bW. Trzebiatowski Institute of Low Temperature and Structure Research, Polish
Academy of Sciences, P. O. Box 1410, 50-950 Wroctaw, Poland

The electronic structure of ternary RAg2Ges (R = Pr, Nd) compounds, which crystal-
lize in the tetragonal ThCrySis - type structure, were studied by X-ray photoemission
spectroscopy. The magnetic data indicate that PrAg,Ges remains paramagnetic down
to 1.9 K, whereas NdAg>Ges orders antiferromagnetically at about 2 K. The XPS re-
sults clearly show that the valence bands in both germanides consist mainly of the Ag 4d
band. The XPS spectra of Pr and Nd 3d5/2 and 3d3,, core levels were analyzed in the
framework of the Gunnarsson-Schonhammer model [1] in order to derive information on
the hybridization of 4f orbital with the conduction band. Separation of the XPS peaks,
based on the Doniach-Sunji¢ theory [2], yielded the ratio r = T(f™*+1)/[I(f)+ I(f"+1)]
being equal to 0.09 for PrAgsGes and 0.17 for NdAgoGes, which corresponds to the
hybridization energy of 58.1 and 84.4 eV, respectively. The obtained values indicate a
stability of the 4f shell in these two compounds, in good agreement with the magnetic
data.

[1]  O. Gunnarson, K. Schonhammer, Phys. Rev. B, 28 (1983) 4315.
[2] S. Doniach, M. Sunji¢, J. Phys. C, 3 (1970) 285.
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MAGNETIC AND TRANSPORT PROPERTIES OF
Cu-FLUX-GROWN UCusSis

R. Troé, Z. Bukowski, C. Sulkowski, J.Stepien-Damm
W.Trzebiatowski Institute of Low Temperature and Structure Research, Polish
Academy of Sciences, P.O. Box 1410, 50-950 Wroclaw,Poland

In the literature a serious controversy exists as to the magnetic properties of the sili-
cide UCusSia, crystallizing in the tetragonal ThCrySiy type crystal structure. Various
authors reported either ferro- or antiferro-ferro transitions at temperatures below about
100 K. To solve this problem we have grown single crystals of UCusSis from Cu flux
and performed a detailed study carrying out measurements of ac and dc susceptibil-
ity, electrical resistivity, magnetoresistivity and thermoelectric power. UCusSis orders
presumably antiferromagnetically with Ty = 106 K, i.e. about 2-3 K above the ferro-
magnetic transition at T, = 103 K, as demonstrated by the temperature variation of the
ac-susceptibility. In contrast to previous single-crystalline report on UCusSis, no sign
of the transition into antiferromagnetic behaviour has been observed below 50 K. The
magnetic properties are highly anisotropic, with an easy axis [001], as one can expect
from the crystal structure. The saturation moment has been determined at 4.2 K is 1.55
up. The electrical resistivity in the ferromagnetic region may be described assuming
an energy gap A in the spin wave energy spectrum. In the paramagnetic region, where
the effective moments are about 3.0 pup, the electrical resistivity is determined by an
interplay of Kondo scattering and crystal field effects. The magnetoresistivity below T
for both tetragonal axes is negative, as one expects for a ferromagnet. The thermopower
is negative at low temperatures and positive at higher temperatures.

0-4-05
Unusual negative magnetisation effect in antiferromagnetic YbFe ;Alg
compound

B. Andrzejewski?, A. Kowalczyk®, J. Frackowiak’, T. Tolinski®,
A. Szlaferek®, S. Pal¢, Ch. Simon®
®Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznan, Poland
bInstitute of Materials Science, Silesian University, 40-007 Katowice, Bankowa 12,
Poland
¢3 Laboratoire CRISMAT, ENSICAEN-CNRS-Universite de Caen, 6 boulevard du
Marechal Juin, 14050 CAEN Cedex 4, France

The nowadays-published experimental reports on the magnetic and transport properties
of rare earth RFeyAlg systems are not numerous and still controversial. One of the
most intriguing is the possibility of superconductivity in the Lu- or Yb systems [1]. To
clarify this point we performed investigations of the magnetic and transport properties
of YbFesAlg intermetallic compound by the methods of DC magnetisation, microwave
absorption, Mossbauer effect and four-point resistivity measurements. The Mossbauer
effect measurements reveal a broad antiferromagnetic phase transition which begins at
Tn = 160 K and is completed at the temperature of 100 K. This compound exhibits also
a negative magnetisation below 34 K. We explain this effect in terms of antiferromag-
netic interactions between the moment of Yb and the effective moment of canted Fe spins.

[1] H. Drulis et al., Solid State Commun. 123 (2002) 391.
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MAGNETIC PROPERTIES AND ELECTRONIC STRUCTURES
OF Gd3;CusX, (X = Ge, Sn)

A. Szytula®, A. Jezierski’, B. Penc®, E. Wawrzyniska®, A. Zygmunt®
M. Smoluchowski Institute of Physics, Jagiellonian University, Reymonta 4,
30-059 Krakéw, Poland
bInstitute of Molecular Physics, Polish Academy of Sciences, Smoluchowskiego 17,
60-179 Poznan, Poland
“W. Trzebiatowski Institute of Low Temperature and Structure Research, Polish
Academy of Sciences, Okdlna 2, 50-442 Wroclaw, Poland

Polycrystalline samples of GdzCuyXy (X = Ge, Sn) were investigated by means of mag-
netometry and XPS. Additionally, calculations of the electronic structures with the
TB-LMTO method were performed for both compounds. They were found to be anti-
ferromagnets; the stannide - below 13 K and the germanide - below 11 K. The electronic
structures determined from the photoemission spectra agree well with the results of the
calculations. Analysis of the core levels indicates presence of the Cut! ions in both
compounds. Besides, charge transfers from the Cu and Ge atoms, the latter only in
Gd3CuyGey, were detected.

P-4-02
Is LaNis corresponding reference material for La,Hoi_,Nis solid
solutions ?

J.Cwik?, T.Palewski?, K.Nenkov’*
“International Laboratory of High Magnetic Fields and Low Temperatures,
95 Gajowicka str., 53-421 Wroclaw, Poland.
bInstitut fur Festkorper-und Werkstofforschung Dresden, Postfach 270016,
01171 Dresden, Germany.
“W.Trzebiatowski Institute of Low Temperature and Structure Research, Polish
Academy of Sciences, P.O.Box 1410, 50-950 Wroclaw, Poland

The heat capacity measurements have been performed on La, Hoy_,Niy solid solutions
with x values of 0.2 and 0.4 for temperatures between 2 and 295 K in zero and 0.42 T
magnetic fields. To isolate conduction electron and phonon contributions from the to-
tal heat capacity the measurements of heat capacity of isostructural LaNis and LuNis
compounds were performed. The magnetic susceptibility measurements of LaNig and
LuNiy compounds exhibits a very weak temperature dependence above 50 K. The re-
sults obtained suggest that in case La,Hoy_,Nis solid solutions LaNis should be not
employed as reference material and only LuNis may be consider as reliable one.
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Thermal expansion on some REIn; (RE=La,Pr,Gd)

M. Solyga® A. Czopnik® V. Pluznikov’ J. Ulner® K. Durczewski®
Z. Kletowski®
¢Institute of Low Temperature and Structure Research,
Polish Academy of Science, Wroclaw,Poland.
bInstitute of Low Temperature Physics and Engineering of NASU
44 Lenin Ave. Kharkiv 61103, Ukraine

Results of the linear thermal expansion coefficient o measurements are reported for
PrIng, GdIng and Lulns. Those systems belong to the large family of the REIng (RE =
Rare Earth) compounds which crystallize in the AuCus-type of crystal structure.

The measurements were carried out on monocrystaline samples in temperature range
5K + 200K. Compounds under investigation differ to their magnetic properties. Prlng
is a typical example of the singlet ground-state paramagnet in which the interionic
interactions may be neglected while the GdIng is the crystal-field free antiferromagnet
in which the RKKY interactions play essential role. Therefore, apart from the results
for «, also magnetic contributions to « have been estimated and compared with those
calculated from theoretical predictions. Results obtained for the nonmagnetic Lalng
stand here as a phonon reference.

P-4-04
Electrical properties of carbon dopped EuBg

M. Bat’kova®, I. Batko®, M. Mihalik®, E.S. Konovalova®’, N. Shitsevalova®
and Y. Paderno’
“Institute of Experimental Physics, SAS, SK-04353 Kosice, Slovakia
bInstitute for Problems of Material Science, NASU, UA-252680 Kiev, Ukraine

EuBg is ferromagnetic below 16 K and its low-temperature properties show remarkable
similarities to those of manganese oxides, exhibiting the phenomenon of colossal mag-
netoresistance [1]. Substitution of boron by carbon brings electrons into the conduction
band of EuBg, thus EuBg_,C, carbide borides behave as degenerate semiconductors in
which both carrier concentration and antiferromagnetic interaction increase with increas-
ing of carbon content. Our former results of electrical resistivity measurements of the
sample (with x close to 0.05) show the high (residual) resistivity at lowest temperatures
while measurements of the magnetic field dependence of electrical resistivity at 4.2 K
indicate a giant magnetoresistance, as the ratio between the resistivity in zero magnetic
field and in the field of 3 T has been 3.7 [2]. In this work, we present careful measure-
ments of the electrical resistivity and the electron tunneling spectroscopy studies. On
the basis of obtained results, conclusions on the nature of the magnetic scattering of
charge carriers in the vicinity of the magnetic phase transition and conclusions on the
density of electronic states of the studied system have been done.

1. H.R.Ott et al., Physica B 281&282 (2000) 423-427
2. 1. Batko et al., Solid State Commun. 98 (1996) 895
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CRYSTAL STRUCTURE AND ELECTRICAL RESISTIVITY OF
GdNi;_,Cu,COMPOUNDS

“A. Bajorek and G. Chelkowska
@A. Chelkowski Institute of Physics, Silesian University, Uniwersytecka 4, 40-007
Katowice

The effect of substitution of Cu for Ni on the lattice parameters and electrical resistiv-
ity of the polycrystalline GdNis_,Cu, compounds has been studied. All investigated
compounds crystallize in the hexagonal CaCus type of crystal structure (space group
P6/mmm). The compound GdNis is a ferromagnet with T¢=32K where we have ob-
served small negative Ni 3d band polarization and a small nickel moment is induced by
exchange interactions with magnetic Gd. The compound GdCus is considered as an an-
tiferromagnet with T xy=26K. The influence of Cu substitution for Ni is reflected in both
lattice parameters a and ¢ as well as in the volume unit cell V. Quite peculiar behavior
is observed in the temperature variation of the resistivity for Cu - rich compounds. At
low temperatures especially below 30K the variation is quite unusual and is probably
related to the incommensurate magnetic structure which arises from the weakly negative
interaction between Gd nearest neighbours.

P-4-06
MAGNETIC, ELECTRIC PROPERTIES AND ELECTRONIC
STRUCTURE OF GdNis_, Fe,

M. Kwiecien and B. Sterkowicz and G. Chelkowska
2A. Chelkowski Institute of Physics, Silesian University, Uniwersytecka 4, 40-007
Katowice

We report results of measurements of the magnetic susceptibility, the electrical resistiv-
ity, the crystal and electronic structure of the polycrystalline intermetallic GANi3_ . Fe,
compounds. The partial substitution Ni by Fe is reflected in the linear increase of the
lattice parameters in the whole range of x. The Curie temperature depends on Fe con-
centration. The value of T¢ increases at first, reaches a maximum around x=0.4 and
then decreases. For higher concentration of Fe we have observed the compensation tem-
perature Ty - The changes in the magnetic properties are interpreted in correlation
with the electronic structure of the investigated system, which have been studied by
using X-ray Photoelectron Spectroscopy (XPS). The valence band spectra at the Fermi
level (Er) exhibit the domination of the hybridized Ni/Fe (3d) and Gd (5d) states. We
have observed a remarkable decrease of the density of states near Er and the shift of 4f
Gd peaks in the energy scale for the Fe-rich compounds.
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Electronic structure of RCo,Ges (R = Ce, Pr, Gd) compounds

B. Penc?, A. Szytula®, E. Wawrzyniska® and A. Winiarski®
M. Smoluchowski Institute of Physics, Jagiellonian University, Reymonta 4, 30-059
Krakéw, Poland
YA. Chelkowski Institute of Physics, University of Silesia, Uniwersytecka 4, 40-007
Katowice, Poland

Electronic structure of CeCog ggGea, PrCoggsGes and GdCog g4Ges which crystallize
in the orthorhombic CeNiSis-type structure was studied by X-ray photoemission spec-
troscopy.
The valence bands of CeCogggGes and PrCoggsGes have similar character. The two
maxima at 0.9 and 2.0 eV for the Ce-compound and at 0.9 and 3.0 eV for the Pr-
compound are observed. In the case of GdCog ¢4Gea, the strong intensity peak at 8.7
eV corresponding to Gd 4f states except the broad peak with the maximum at 1.4
eV was found. The analysis of the XPS spectra of Ce and Nd 3ds/, and 3d3z/3 in the
Gunnarson-Schénhammer model [1] give the information on the hybridization of the f
orbital with the conduction band. The separation of the peaks based on the Doniach-
Sunji¢ theory [2] gives the ratio: = = I(f"+)/[I(f™) + I(f"*')]. The r values are equal
0.12 for CeCogy.ggGes and 0.22 for PrCogy gsGes which correspond to the hybridization
energy 58.1 eV and 106.6 eV respectively. These values indicate stability of the f shell
in these compounds.

[1] O. Gunnarson, K. Schonhammer, Phys. Rev. B, 28 (1983) 4315.

[2] S. Doniach, M. Sunji¢, J. Phys. C, 3 (1970) 285.

P-4-08
THERMAL PROPERTIES OF U3Al;Sis SINGLE CRYSTAL

M. Mihalik?, K. Flachbart®, S. Gabani®, Matii§ Mihalik®, P. Rogl®, R. Troé?

“Institute of Experimental Physics, SAS, Watsonova 47, 043 53 Kogice, Slovak Republic

YDepartment of Electronic Structures, Ke Karlovu 5, 121 16 Prague 2, Czech Republic
“Institut fiir Physikalische Chemie, UW, Waringerstrasse 42, A-1090 Wien, Austria
AW . Trzebiatowski Inst. of Low Temp. and Struct. Reseach, PAS, Wroclaw, Poland

We report on a detailed study of heat capacity performed on the UzAl,;Sis single crys-
tal in the temperature range from 7" = 0.15 K up to T = 300 K in magnetic fields
up to upH = 5 T applied along the easy axis of magnetization. Recently UszAl;Sis
was reported as ferrimagnet or non—collinear ferromagnet with the Curie temperature
T. = 38 K. Magnetic structure is not completely understood at present. Heat capacity
measurements performed on polycrystalline and textured samples revealed an enhanced
value of the electronic coefficient of specific heat v = 250 mJ/mol K2. The transition
to the magnetically ordered state was accompanied by a broad maximum and the heat
capacity data below magnetic transition could be fit very well within the model intro-
ducing the energy gap A in the dispersion relation of magnons. The applied magnetic
field shifted the anomaly to higher temperatures and smeared it out. Our results ob-
tained on the single crystal resemble the earlier results obtained on polycrystalline and
textured samples. In addition, an upturn of C/T(T') curve, found below T' = 2 K, can
not be fully attributed to nuclear contribution. For the full description of the phonon
part of the specific heat we used the harmonic approximation of the phonon spectrum
including both the Einstein and Debye models and the correction for an anharmonicity.
We made an attempt to separate the contribution of CEF—splitting to the heat capacity.
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ELECTRONIC STRUCTURE AND MAGNETIC PROPERTIES
OF Feng_wTixAl

Andrzej Slebarski, Lukasz Skoczen and Jerzy Goraus
Institute of Physics, University of Silesia, 40-007 Katowice, Poland

Recent transport, specific heat and magnetic susceptibility measurements indicated that
the Heusler-type Fea VAl compound is a candidate for a 3d heavy-fermion system [1]. Ex-
perimental investigations have shown the large (compared to the normal metal) value of
the low-temperature electronic specific heat coefficient v and the semiconductor-like be-
havior of the resistivity in the paramagnetic state. Therefore, Fes VAl has been classified
to the non-magnetic narrow-gap semiconductors (Kondo insulators) having similar prop-
erties as FeSi [2]. Another compound, FesTiAl is weakly ferromagnetic [3], T = 120 K
in agreement to the Slater-Pauling behavior [4], however, its magnetic moment at 7' =0
is much smaller than expected.

In this presentation we discuss the results of our electronic structure investigations (XPS
experimental results and LMTO calculations of the valence bands) for FeV;_,Ti, Al se-
ries of alloys. We also present the magnetic susceptibility measurements of FeVy_,Ti, Al
We try to understand the ground state properties of these alloys basing on the atomic
disorder, which leads to the formation of the magnetic clusters.

[1] Y. Nishino et al., Phys. Rev. Lett. 79, 1909 (1997).

[2] Z. Schlesinger et al., Phys. Rev. Lett. 71, 1748 (1993).

[3] K.H.J. Buschow and P.G. Engen, J. Magn. Magn. Mater., 25, 90 (1981).

[4] I. Galanakis et al., 66, 174429 (2002).
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MAGNETIC PROPERTIES OF NON-STOICHIOMETRIC
U4,Ni;,Al COMPOUNDS

A. Zentko®, J. Kovac®, S. Matas®, M. Mihalik®, M. Zentkova®, P. Svoboda®
“Institute of Experimental Physics, SAS, Watsonova 47, 043 53 Kosice, Slovak Republic
®Charles University, Fac. Math. Phys., Ke Karlovu 5, 121 16 Prague 2, Czech Republic

UNiAl (hexagonal ZrNiAl crystal structure) is antiferromagnetic (AF) below T =19 K.
In magnetic fields above the metamagnetic transition (B, = 11.25 T at T' = 4.2 K) the
AF coupling is destroyed yielding magnetization p = 0.8 up/f.u.. However it is well
known that the crystallographic as well as electronic structure of all UTX compounds
are sensitive to external perturbations such as temperature, pressure, magnetic field and
very important is also the influence of the local surroundings of U atoms. The deviation
from the stoichiometry can also be gainfully employed to probe the structural and mag-
netic instabilities of the U-based intermetallic compounds. The purpose of this work is,
therefore, to investigate accurately the effect of variations in stoichiometry on the basic
magnetic properties of Uy ,Nij, Al where x < 0.04 and y < 0.06. The samples were
prepared by arc—melting in protective Ar—atmosphere. Phase purity, crystal structure
and lattice constants were checked by standard X-ray diffraction methods. Metallo-
graphic examination showed the presence of small amount (less then 3 %) of a parasitic
phase in the form of intergranular networks. Magnetization measurements were carried
out by VSM magnetometer in the temperature range 4.2 K < T < 300 K in applied
magnetic field up to poH = 6 T. Obtained results have shown that the transition tem-
perature Ty of investigated compounds is directly proportional to x and y.
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P-4-11
STRUCTURE AND MAGNETIC PROPERTIES OF Sm-Ni-Cu
COMPOUNDS AFTER MECHANICAL TREATMENT

A. Szlaferek, B. Andrzejewski, T. Tolinski and A. Kowalczyk
Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznan, Poland

We have investigated the influence of mechanical alloying on structural changes and
magnetic properties of the SmNizCu compound. This compound crystallizes in the
hexagonal structure of CaCus, space group P6/mmm. SmNiyCu is ferromagnetic with
the Curie temperature of 36 K and the saturation magnetic moment of 0.36 up at
4.2 K. The decrease of intensity and broadening of the diffraction lines have been de-
tected after milling as a consequence of the grains’ size reduction. The analysis of the
as-prepared sample using EDAX has revealed a stable composition without a presence
of any additional phases and elements. The obtained results show that the magnetic
properties significantly depend on the milling time. The temperature and magnetic
field dependences of the magnetization exhibit a presence of antiferromagnetic behavior
of the milled samples. The transition temperature does not vary as a function of the
milling time. This antiferromagnetism has been ascribed to a creation of the orthorom-
bic SmCusy phase with Ty = 23 K.

This research was supported by the Polish State Committee for Scientific Research
(KBN; grant No.1 PB03 077 28).

P-4-12
Magnetic phase transitions in TmNi Al studied by magnetometry
and neutron diffraction

T. Tolinski®, A. Hoser?, B. Andrzejewski” and A. Kowalczyk®
%Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznan, Poland
YInstitut fiir Kristallographie, RWTH-Aachen, Germany

Tm and its alloys are known to create the numerous non-collinear magnetic phases,
therefore this same can be expected in the case of TmNiyAl. Indeed, we have observed
that this compound, contrary to the other RNigAl members, exhibits a double phase
transition in the ac magnetic susceptibility with Tc; = 5.8 K and Tcs = 2.8 K. We have
performed the magnetization curve measurements and the neutron diffraction experi-
ments above the higher temperature transition, between the two transitions and below
the lower temperature peak of the ac susceptibility. However, magnetization curves as
well as the neutron diffraction patterns do not provide any evidence of the antiferromag-
netic ordering. There is only an increase of the intensities observed between 4.2 K and
1.8 K. Therefore, the two peaks in the ac magnetic susceptibility have been ascribed to
a switch between two various slightly non-collinear orders of the magnetic moments.

109



P-4-13
Electronic structure studies of DyNiyCu
M. Pugaczowa-Michalska®, G. Chelkowska’, T. Tolinski®, A. Kowalczyk®

“Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland
bInstitute of Physics, Silesian University, Uniwersytecka 4, 40-007 Katowice, Poland

Electronic structure of the DyNiyCu compound, crystallizing in the hexagonal CaCus-
type of structure has been studied using the XPS method with monochromatized Al
K, radiation as well as the self-consistent spin-polarized TB-LMTO (tigh-binding linear
muffin-tin orbital) method. The self-consistent band calculations were performed for
the experimental lattice parameters (a=4.918 A, ¢=3.991 A), which were determined by
X-ray diffraction. Our calculations show that DyNigCu is ferromagnetically ordered at
0 K. The analysis of the valence band shape in vicinity of the Fermi level shows that
this part of the spectrum comes mainly from 3d electrons of Ni and Cu atoms (peaks at
-1 eV and -4 eV). The features of the experimental XPS valence band spectra near the
Fermi level are reproduced in our calculations. Peaks below -7.5 eV are connected with
the contribution of the f-electrons of Dy. The obtained peaks positions in the valence
band are in good agreement with the binding energies of metallic dysprosium, copper
and nickel.

Core levels of Dy, Cu nd Ni are also investigated.

This research was supported by the Polish State Committee for Scientific Research (KBN
grant Nol PB03 077 28).

P-4-14
Exchange splitting of the photoemission core levels in Eu and its
compounds

J. Szade, W. Burian and P. Maslankiewicz
A. Chetkowski Institute of Physics, University of Silesia, ul. Uniwersytecka 4, 40-007
Katowice, Poland

The intra-atomic exchange interaction leads to the known effect of splitting of the pho-
toemission core s levels and to the complex multiplet structures of the p and d levels.
The divalent Eu with its 4f7 configuration and maximal spin value of 7/2 shows in pho-
toemission well resolved structures similar to those found in Gd. The trivalent Eu ion
has the 4f6 configuration and due to the Hunds rules the total momentum J=L-S=0.
As a consequence EuF3, where Eu is trivalent, exhibits a weak van Vleck like param-
agnetism. However, our investigations showed that both Eu 4s and 5s levels in EuF3
(crystal, amorphous thin film, ultrathin MBE grown layers) exhibit in photoemission
doublets characteristic for exchange splitting. At the same time the emission from the
4d level do not show any visible splitting. The same situation was found for Eu doped
LiYF4 where Eu ions are nominally trivalent. Our studies aim to find how coupling
between spins of a photo-hole and 4f level depends on the spin-orbit interactions within
the 4f shell and photo-excited level. Moreover, preliminary results of magnetic circular
dichroism in photoemission have shown for EuF3 ultrathin layers a clear dichroic effect
in valence band.
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P-4-15
ELECTRONIC STRUCTURE AND MAGNETIC PROPERTIES
Gd;_,Tb,Ni; COMPOUNDS
“M. Kwiecienn and G. Chelkowska and J. Bakaimi
@A. Chelkowski Institute of Physics, Silesian University, Uniwersytecka 4, 40-007
Katowice

The magnetic susceptibility, the crystal and electronic structure of the polycrystalline in-
termetallic Gd; _, Tb,Niz compounds has been investigated. All investigated compounds
crystallize in the rombohedral PuNigtype of crystal structure (space group R-3m). The
effect of partial substitution Gd by Tb is reflected in the linear decrease of the lattice
parameters in the whole range of x, whereas the Curie temperature determined from
AC susceptibility measurements decreases from 114 K for GdNiz to 100 K when x=0.5
and is unchanged until full concentration of Th (x=1). Additionally the presence of the
helimagnetic phase when Gd is substituted by Tbh was observed. The electronic struc-
ture was studied by using X-ray Photoelectron Spectroscopy (XPS). Both valence band
and core level spectra are analyzed. The valence band spectra close to the Fermi level
are dominated by the Ni 3d and Gd/Tb states.

P-4-16
Electronic structure of rare-earth compounds TmGas, ErGasz, and
Celn; studied by positrons'

M. Samsel-Czekata®, G. Kontrym-Sznajd®, and M. Biasini®?
“Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
P.O. Box 1410, 50-950 Wroclaw 2, Poland
YENEA, via don Fiammelli 2, 40129 Bologna, Italy

The isostructural systems TmGag, ErGags, and Celng constitute an interesting subject
for their magnetic properties and, in the case of Celng, for the fascinating interplay of
antiferromagnetism, heavy-fermion behaviour and superconductivity under application
of pressure®. The electronic structure of these compounds has recently been investigated
by measurements of the two-dimensional angular correlations of positron annihilation
radiation (2D ACAR), providing line projections of the electron-positron momentum
density p(p)*. Whereas for all systems the f-electrons are mostly localized in the para-
magnetic phase, the exact shape of their Fermi surfaces (FS) is slightly different. Indeed,
TmGag and ErGag show a FS nesting, consistent with the observed magnetic structure,
which does not occur in Celng having a different magnetic structure. Since the F'S geom-
etry is decisive to draw these conclusions, we present how various tomographic methods
can influence 3D momentum densities and FS of the compounds®.
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P-4-17
THERMAL HYSTERESIS OF THE PHASE TRANSITION
TEMPERATURE OF SINGLE CRYSTALLINE GdBg

M. Reiffers®, J. Sebek?, E. Santava’, G. Pristas® and S. Kunii®
¢Institute of Experimental Physics, Watsonova 47, Kosice, Slovakia
bInstitute of Physics, V Holesovickéch 2, 180 00 Praha, Czech republic
¢Tohoku University, Sendai 980, Japan

The intermetallic compounds REBg type crystallize in the cubic CaBg structure. They
display a great diversity of magnetic phenomena. Among them GdBg is interesting
because of two magnetic transition at low temperatures. Recently, a detailed X-ray
scattering study of the phase transition showed 2 new wave vectors at low temperatures
[1]. We have studied the phase transition on the single crystalline sample of GdBg,
oriented along < 111 > axis using the temperature dependence of electrical resistivity,
heat capacity and susceptibility under an applied magnetic field. The temperature
dependence of the electrical resistivity o(7") has shown 2 anomalies - a sharp drop at T
= 15 K and a small maximum at 75 = 9 K (when cooling down), as previously reported.
However, the clear thermal hysteresis occurred at transition temperature To. When
heating up the transition is shifted to 7o = 8.5 K. Heat capacity C(T") shows a sharp
peak at Ty which was practically unaffected by an applied magnetic field up to 9 T. At
the second transition temperature T the heat capacity shows a small maximum which
postion shows the thermal hysteresis behaviour. Moreover, this maximum is shifting
its position to lower temperatures and vanishing with increasing magnetic field. Our
measurements confirm the variety and complexity of magnetic phase diagram of GdBg.
[1] D.F. McMorrow et al., Physica B345 (2004) 66

P-4-18
3D Modeling of Nd-Fe-B Magnets for Magnetic Resonance Imaging Systems — Models
and Reality

Krzysztof Turek', Tadeusz Palasz’ and Bogustaw Tomanek®

'AGH Faculty of Physics and Applied Computer Science, Krakow, Poland
qugellonian University, Institute of Physics, Atomic Optics Department, Krakéw, Poland
“National Research Council Canada, Institute for Biodiagnostics, Winnipeg, Canada

A 3D modeling method of Nd-Fe-B magnets for Magnetic Resonance Imaging (MRI) Systems
using FEMLAB computer program is reported. The magnetic field map produced by this
method was compared with the measurements taken from the 0.09 T MRI magnet within a 15
cm Diameter Spherical Volume (DSV). The magnet was constructed for the Institute of
Physics, Jagellonian University, Krakow as a part of the MRI system. Whereas the actual
magnetic flux density varies less than a few percent from the calculations, the discrepancy
between the actual and calculated field homogeneity within DSV is much higher. This
discrepancy is mainly due to the technological errors and differences in the actual material
parameters and these assumed in the model. Some of technological errors were introduced into
the model. The model was then used to design a 0.2 T magnet with 30 cm DSV MRI system
for Institute of Biodiagnostics of National Research Council Canada. At present the magnet,
located at the Life Sciences Research Station in Calgary, is ready for final shimming with the
target homogeneity of 30 ppm.

The work was sponsored by AMAG — Dr Krzysztof Turek in the framework of research
collaboration with Institute for Biodiagnostics of National Research Council Canada.
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P-4-19

ELECTRONIC STRUCTURE CALCULATIONS AND
ELECTRICAL RESISTIVITY OF Dy(Co;_,M,), (M=Ni, Cu)

A. Kowalczyk!, A. Szajek',V. Ivanov? and M. Falkowski!
nstitute of Molecular Physics, Polish Academy of Sciences,
M. Smoluchowskiego 17, 60-179 Poznan, Poland
2General Institute of Physics, Russian Academy of Sciences,
Vavilov 38, Moscow, Russia

R(Co1-M,)2 (R=rare earth; M=transition metal) alloys exhibit interesting magnetic
properties because of the differing nature of magnetism (localized and band) of their
constituents. Results of measurements of the magnetic susceptibility, electrical resistivity
of intermetallic compounds Dy(Co;_,M, )2 (M=Ni, Cu) are presented. The dependence
of the Curie temperature and lattice parameters versus concentration x of the M element
are established. The effect of partial substitution of Co by M is reflected in a change of
Tc, in the temperature dependence of electrical resistivity and in the magnetization as
a function of externally applied magnetic field. The experimental results are compared
with theoretical calculations based on the ab — initio tight-binding linear muffin-tin
orbitals method. The Ni and Cu impurities reduce magnetic moments on Co atoms
from 1.21 pp/atom for the DyCos compound to 1.17 and 1.07 pp/atomfor Ni and Cu
impurities, respectively. The densities of states at the Fermi level are reduced about two
times.

P-4-20
EFFECT OF PRESSURE AND MAGNETIC FIELD ON

CONDUCTIVITY AND MAGNETORESISTANCE IN La-Ca
MANGANITES WITH EXCESS MANGANESE

V. Mikhaylov®, V.P. Dyakonov®?, E. Zubov®, A.V. Pashchenko®, V.N.
Varyukhin®, V. Shtaba®, A. Szewczyk’, A. Abal’oshev’, K. Piotrowski’,
K. Dyakonov®, S.J. Lewandowski’, and H. Szymczak’

“A.A. Galkin Physical-Technical Institute NASU, Donetsk 83114, Ukraine
YInstitute of Physics PAS, 02-668 Warszawa, Poland
¢A.F. loffe Physical-Technical Institute, St.Petersburg 194021, Russia

The pressure, magnetic field and excess manganese effects on transport and magnetore-
sistance effect (MRE) have been studied in both the epitaxial films and bulk ceramics
of manganites (Lag7Cag3)1—xMnj,03_5 (x = 0 - 0.2). The pressure and magnetic
field effects are shown to increase with increasing manganese content. Experimental
data show that the pressure and magnetic field effects on temperatures of both metal-
insulator transition (Th;p) and MRE peak (T);r) are considerably stronger in the films
than in ceramics. The hydrostatic pressure increases Ty;p and Thrr. MRE for both
types of samples was shown to be favored by the pressure and magnetic field in an
opposite way. A direct correlation is established between Th;p and conductivity band-
width as well as between MRE and concentration of charge carriers at applied pressure.
The origin of pressure-magnetic field effects is analyzed in the frame of double exchange
interaction and small polaron hopping and variable range hopping models.

This work was in part supported by the Polish Government Agency KBN (Project 1
P03B 025 26) and by the RFBR (Grant No. 04-02-17598).
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P-4-21
PECULIARITIES OF ACOUSTOELECTRON INTERACTION IN
MANGANITES IN STRONG MAGNETIC FIELD
K. Dyakonov?, A. Goltsev®, V. Popov®, E. Yakhkind®, V.P. Dyakonov?,
P. Gierlowski’, A. Abal’oshev’, S.J. Lewandowski’, and H. Szymczak®
%A F. Ioffe Physical-Technical Institute, St.Petersburg 194021, Russia
bInstitute of Physics PAS, 02-668 Warszawa, Poland

Recently an anomalous (even in the wave vector of sound) acoustoelectric (AE) effect
produced by surface acoustic waves (SAW) in manganite Lag ¢7Cag.33Mn0O3 (LCMO)
films was discovered. The anomalous effect was shown to coexist with the ordinary
odd acoustoelectric effect. The anomalous AE effect appeared to result from strong
modulation of the film conductivity produced by the SAW elastic deformations.

In the present paper we report on investigations of the influence of the magnetic field H
on the magnitude of acoustoelectric current 4 in LCMO films grown on piezoelectric
LiNbOj substrate. We have found that the total AE current substantially increases with
H applied parallel to the SAW wave vector, but this increase is limited to the anoma-
lous component of Isg, while the ordinary AE current is left essentially unchanged.
The behavior of the ordinary AE component can be explained by the opposing effects
of increased film conductivity and reduced SAW attenuation. With regard to the com-
portment of the anomalous component of AE current in magnetic field, we speculate
that it is determined by magnetic field induced changes in the dependence of the film
conductivity on pressure.

This work was supported by the RFBR (Grant No 04-02-17598) and by the KBN
(Projects No 1 P03B 025 26 and 2P03B 044 23).

P-4-22
ACOUSTOELECTRIC STUDIES OF MANGANITE FILMS

K. Dyakonov?®, A. Goltsev?, E. Yakhkind®, A. Abal’oshev’, V.P. Dyakonov?,
P. Gierlowski®, S.J. Lewandowski’, and H. Szymczak®
@A.F. JToffe Physical-Technical Institute, St.Petersburg 194021, Russia
Institute of Physics PAS, 02-668 Warszawa, Poland

We report on the observation and investigations of transversal and longitudinal acous-
toelectric (AE) effects produced by surface acoustic wave (SAW) in a layered struc-
ture composed of manganite Lag 67Cag.33MnO3 (LCMO) film and piezoelectric LiNbO3
(LNO) substrate. The investigated LCMO films were pressed with a gap of 0.5 yum to
the LNO substrate where the acoustic wave is generated. In such a structure the AE
effect arises only due to the penetration of the electric field accompanying the SAW into
manganite film and its interaction with free charge carriers which results in a dc acous-
toelectric voltage. Our investigations have shown that both transversal and longitudinal
AE voltage display nonmonotonic temperature dependencies and approach their maxi-
mum values in the vicinity of metal-insulator transition in LCMO. The sign of the AE
voltage corresponds to the hole-like conductivity in the films. The transversal effect was
revealed to be even with respect to the SAW wave vector. The longitudinal AE effect
was shown to be odd in the wave vector. Experimental results on the investigation of
AFE effects as a function of the conductivity of manganite films, intensity of sound, and
SAW pulse duration are presented. The data obtained are discussed in the frame of the
theory of acoustoelectric effect in layered structures.

This work was supported by the RFBR (Grant No 04-02-17598) and by the KBN
(Projects No 1 P03B 025 26 and 2P03B 044 23).
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GIANT MAGNETOCALORIC EFFECT IN Mn;_,T, As
R. Zach?, J. Tobola®?, D. Fruchart®, B. Wiendlocha?, W. Chajec?,
S. Kaprzyk®, H. Fjellvag/, D. Gignoux?, M. Bali¢ and A. Zieba®
“Institute of Physics, Technical University of Cracow, Cracow, Poland
b Faculty of Physics and Applied Computer Science, AGH, Cracow, Poland
¢ Laboratoire de Cristallographie, CNRS, Grenoble, France
4 Taboratoire Louis Neel, CNRS, Grenoble, France
f Department of Chemistry, Oslo University, Oslo, Norway

The MnAs ferromagnet belongs to intermetallic compounds with the largest magne-
tocaloric effect (MCE), which is governed by strong first order magnetostructural tran-
sition from hexagonal (NiAs type) to orthorhombic (MnP type) structures. We have
studied the MCE amplitude in Mn;_, T, As (T =V, Cr, Fe, Co with x=0.01) series of
compounds. Magnetisation measurements in d.c. magnetic field were carried out (B =
10 T, T = 4.2-400 K) and magnetic field induced phase transitions were investigated.
Based on the isothermal My (H) magnetisation curves, the entropy change AS was de-
duced. In order to elucidate the MCE mechanism electronic structure of Mnj_,T,As
was calculated by KKR-CPA method. It was found that all T atoms diluted in MnAs
possess magnetic moments which are coupled either ferromagnetically i.e. V (1.3 up),
Cr (2.6 up) and Fe (2.3 up) or antiferromagnetically Co (-1 pp) with respect to Mn
(3.03 pp). The magnetic entropy change is discussed in view of total energy KKR-CPA
results. We conclude that all samples should be classified as giant magneto-caloric effect
compounds, since the magnetic entropy change was found as 2-3 times higher than in
pure MnAs (e.g. for T= Cr, AS ~ 25 J/kgK).

P-5-01
PHASE DIAGRAMS AND MULTICRITICAL POINTS IN THE
TERNARY MIXED-SPIN ALLOY WITH A SINGLE-ION
ANISOTROPY

J.Dely and A.Bobék §
Department of Theoretical Physics and Astrophysics, Faculty of Science, P.J.Safarik
University, Park Angelinum 9, 041 54 Kosice, Slovak Republic

The phase diagram of the AB,Ci_, ternary alloy consisting of different Ising spins
8‘423/27 SP=2, and SY=5/2 in the presence of a single-ion anisotropy is investigated
by the use of a mean-field theory based on the Bogoliubov inequality for the Gibbs free
energy. The structure and spin values correspond to the Prussian blue analog of the type
(FellMnil )1 5[Cr" T (CN)g].2H20 [1] and the couplings between the A and X (X = B
or (') ions include both ferromagnetic (Jap > 0) and antiferromagnetic (Jac < 0)
interactions. Depending on the values of the parameters in the model Hamiltonian,
the phase diagram exhibits a quite rich structure, with several multicritical points such
as tricritical point, critical end point and isolated critical point. The calculated phase
diagrams are conveniently controlled in the limit 7' — 0 K where, for the ground state,
the exact results have been obtained.

This work was supported by the Scientific Grant Agency of Ministry of Education of
Slovak Republic (Grant No.1/2009/05) and Science and Technology Agency (Grant No.
20-005204).

[1] S.Ohkoshi, S.Yorozu, O.Sato, T.Iyoda, A.Fujishima and K.Hashimoto, Appl. Phys.
Lett. 70 (1997) 1040.
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P-5-02
PECULIARITIES OF MAGNETIC HYSTERESES
IN THE MAGNETOELECTRIC LiCoPO4

M. Kharchenko®, Yu. Kharchenko?
M. Baran’, R. Szymczak’
%Institute for Low Temp. Phys. & Eng., NASU, Pr. Lenina 47, 61103 Kharkiv,
Ukraine, kharchenkoQilt.kharkov.ua
*Institute of Physics, PAS, Al. Lotnikow 32/46, 02-668 Warsaw, Poland

Recently, it has been found an ultra-weak ferromagnetism in antiferromagnetic LiCoPOy4
single crystals. Origin of this effect remains unexplained until now. The features of hys-
teretic behavior of magnetic and magnetooptical properties of such crystal are presented
here. Studies of the magnetic linear birefringence have shown the hysteretic behavior of
a global character. Magnetization processes have revealed the shifted rectangular hys-
teresis loops. The shift direction depends on a thermo-magnetic history of the sample.
According to our opinion this shift is not trivial. The observable behavior of the loops
indicates on a non-uniform spin ordering in LiCoPO,4. Most likely, a magnetic struc-
ture of this antiferromagnet is the incommensurate modulated one and is represented
by alternated stripes of antiferromagnetic and weak-ferromagnetic character. The shift
of the magnetic hysteresis loop could be explained in this case by the exchange bias, the
value of which is defined by: an exchange interaction between AFM and WFM layers,
a stiffness of the spin wall formed between them, a value of spontaneous magnetization
and by a or volume of WFM stripes. The expected parameters of or proposed modulated
structures are discussed.

P-5-03
ELECTRONIC PHASE TRANSITIONS IN THE TWO
DIMENSIONAL SPIN-ONE-HALF FALICOV-KIMBALL MODEL

H. Cencarikova and P. Farkasovsky
Institute of Experimental Physics, Slovak Academy of Sciences
Watsonova 47, 043 53 Kosice, Slovakia

The extrapolation of finite cluster calculations is used to study the ground-state proper-
ties of the spin-one-half Falicov-Kimball model in two dimensions. Particular attention
is paid on the description of the ground state phase diagram and the corresponding
picture of valence and metal-insulator transitions. A number of remarkable results are
found. (i) The phase separation in the spin-one-half Falicov-Kimball model takes place
for a wide range of f-electron concentrations ny and d-f interactions U, including U
large. (ii) For weak and intermediate interactions (U = 1 and U = 2) the model exhibits
an inhomogeneous charge ordering (the axial charge stripes). (iii) In the strong coupling
limit the model exhibits a pressure induced discontinuous insulator-metal transition from
an integer-valence state (ny = 1) into another integer-valence state (ny = 0). (iv) For
small and intermediate values of U the model undergoes a few consecutive discontinuous
and continuous intermediate-valence transitions.
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P-5-04
GROUND-STATE PROPERTIES OF THE
THREE-DIMENSIONAL FALICOV-KIMBALL MODEL

P. Farkasovsky, H. Cencarikova and N. TomaSovicova
Institute of Experimental Physics, Slovak Academy of Sciences
Watsonova 47, 043 53 Kosice, Slovakia

The ground-state properties of the three-dimensional spinless Falicov-Kimball model are
studied by a well-controlled numerical method. The results obtained are used to catego-
rize the ground-state configurations according to common features for weak, intermediate
and strong interactions. It is shown that only a few configuration types form the basic
structure of the phase diagram. In particular, the largest regions of stability correspond
to phase segregated configurations, striped configurations and configurations in which
electrons are distributed in diagonal planes with incomplete chessboard structure. Near
half-filling, mixtures of two phases with complete and incomplete chessboard structure
are determined. In addition, the picture of valence and metal-insulator transitions is
presented. The relevance of these results for a description of real material is discussed.

P-5-06
The study of Heisenberg magnetic systems using Creutz cellular
automaton

Tomasz M. Gwizdala
Katedra Fizyki Ciala Statego, Uniwersytet Lodzki
Pomorska 149/153, 90-236 Lédz, Poland

There is a lot of methods devoted to the simulation of thermodynamical properties of
magnetic systems. Most of them use the temperature as an input value. In the beginning
of eightieth Creutz proposed the model in which temperature is the output value and
the spin change possibility is connected to some additional entity responsible for energy
accumulation. In the nineties such a model has been successfully used to reproduce the
critical properties of Ising model for wide range of dimensionalities. In spite of some
limitations concerning the temperature scale in the region of phase transition the results
were characterized by very good accuracy.

In this work we present the attempt to study the Heisenberg magnetic model using the
approach based on the Creutz cellular automaton. The change of possible spin values
spectrum from discrete one to continuous required the different meaning of some basic
simulational operations like spin flip or temperature calculation procedure. As a result
there are presented the critical properties of Heisenberg model obtained using presented
model. The discussion of as well some technical as physical features concerning this way
of simulation is included.
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THE STUDY OF STRUCTURAL TRANSITIONS IN LIQUID
CRYSTAL DROPLETS DOPPED BY MAGNETIC PARTICLES.

P. Kopcansky®, M. Koneracka®, I. Potocova®, M. Timko®, J. Jadzyn®
“Institute of Experimental Physics, SAS, Watsonova 47, 043 53 Kosice, Slovakia
Institute of Molecular Physics, PAN, Smoluchowskiego 17, 60 179 Poznan, Poland

Ferronematics are colloidal suspensions of fine magnetic particles in nematic liquid crys-
tals. Their response to external magnetic field sufficiently exceeds that of pure nematics,
what encourages investigators in the study of their properties and of the possibilities of
their application. The presence of magnetic admixture shifts, compared with pure ne-
matics, the threshold fields of structural transitions invoked by external magnetic or
electric fields. The investigation of the changes of these threshold fields is useful for the
estimation of the type of anchoring of nematic molecules on magnetic particles surfaces
in studied ferronematic. In our present work we study the structural transitions and
estimate the type of anchoring and anchoring energy value in MBBA-based ferronematic
and in ferronematic droplets, formed in solutions of nematogenic 6CHBT with fine mag-
netic particles dissolved in phenyl isocyanate. The size of the prepared ferronematic
droplets,which are magnetically active, can be easily controlled by the change of tem-
perature and of the molar fraction of dissolved liquid crystal. The magneto-dielectric
measurements of various structural transitions in this new system enabled us to estimate
the type of anchoring and to find the anchoring energy of nematic molecules on magnetic
particles surfaces in droplets.

P-5-08
THE DC AND AC INSULTING PROPERTIES OF MAGNETIC
FLUIDS BASED ON TRANSFORMER OIL.

M. Timko?, P. Kopcansky®, F. Herchl?, M. Koneracka®, I. Poto¢ova®,
L. Toméo? and K. Marton®
%Institute of Experimental Physics,SAS, Watsonova 47, 043 53 Kosice, Slovak Republic
bTechnical University, Faculty of Aeronautics, Kogice, Slovak Republic
“Technical University, Faculty of Electrical Eng. and Informatics, Department of High
Voltage Technology, Kosice, Slovak Republic

Insulating and thermal properties of insulating media limited lowest sizes and largest
currents in transformers. Large current densities may leads in sites with high strength
field to form bridge between sites with large potential difference. The bridge consists
with clusters of particles of fluid. Magnetic fluids (MFs) based on transformer oils with
fine magnetite particles of nanometer scale improve thermal behaviors and in some cases
insulating behaviors of transformer oils too. The improvement of the insulating proper-
ties is connected with sufficiently diluted MFs with low particle volume concentration
bellow 1 what is very surprised phenomenon. In our previous work we have studied DC
insulating properties and we found that critical concentration for crossover from worse
to better insulating properties has the value of volume concentration as to be 0.25%. In
this contribution we will present the results concerning to AC insulating properties in
magnetic fluids based on transformer oil ITO 100. The results confirmed improvement
of AC insulating properties our magnetic fluid in comparison with pure transformer oil
too.
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P-5-09
The transfer-matrix study of the critical properties of the Ising
model following from the MFRG.

G. Kamieniarz, D. M. Tomecka
Institute of Physics, A. Mickiewicz University, Umultowska 85, 61-614 Poznan, Poland

Using a transfer matrix technique [1] and the Ising model, the predictions of
the MFRG concept [2] for clusters with linear size up to 18 have been tested for the
three-cluster MFRG approach [3], which corrected the deficiency of the earlier approach.
Even for small sizes of the clusters the three-cluster estimates of critical couplings give
the accuracy level equal to that of two-cluster renormalization for much greater sizes.
Performing the asymptotic analysis, the convergence of the finite-size critical couplings
and the critical exponents towards the exact values is illustrated. Our improved method
has enabled us to obtain the results for clusters with substantially greater sizes, to
accelerate the calculations and also to confirm the reliability of the MFRG method for
the Ising model.

[1] G. Kamieniarz, Physica A256, 211 (1998)
[2] J.O. Indekeu, A. Maritan, A. Stella, Phys. Rev. B35, 305 (1987)
[3] K. Croes, J.O. Indekeu, Mod. Phys. Lett. B7, 699 (1993)

P-5-10
Interplay between diagonal and off-diagonal disorder in a hard-core
boson system: A mean-field approach

P. Grzybowski and R. W. Chhajlany
Institute of Physics, Adam Mickiewicz University, ul. Umultowska 85,
PL-61-614 Poznan , Poland

We study the interplay between diagonal and site-dependent Mattis-type off-diagonal
disorder in a hard-core boson system within the mean-field approach. The ground state
phase diagrams are presented. We analyze effects of various types of diagonal disorder.
We have found differences with respect to the previously reported results. We comment
on the possible existence of the bose glass phase in this system.

119



P-5-11
MULTIPHASE STRUCTURE OF FINITE-TEMPERATURE

PHASE DIAGRAM OF BLUME-CAPEL MODEL.
WANG-LANDAU SAMPLING METHOD.

G. Pawlowski
Institute of Physics, A. Mickiewicz University
ul. Umultowska 85, 61-614 Poznan, Poland

We investigate the density of states (DOS) in antiferromagnetic spin-system on a square
lattice described by Blume-Capel (BC) model. We use new, very efficient simulation
method, proposed by Wang and Landau [1], in which we estimating very precisely DOS
by sampling in the space of energy. Then we calculate the thermodynamical averages
like the internal energy, the free energy, the specific heat and the entropy.

The BC model exhibits multicritical behaviour such as first- or second-order transitions
and tricritical points. It is known that in the ground state of the BC model we observe
two kinds of staggered antiferromagnetic phases: AF; (two interpenetrating lattices with
S=—-land S=1)or AF5 (S=—-1land S=0for H<0; S=1and S=0for H > 0).
We analyze the coexistence of such phases in finite temperatures and determine border
lines between them. To understanding the microscopic nature of such boundaries we
present also some results using standard Monte Carlo method.

[1] F. Wang and D.P. Landau, Phys. Rev. Lett. 86, 2050 (2001).

P-5-12
MULTI-STEP RADIAL MELTING IN SMALL
TWO-DIMENSIONAL CLASSICAL CLUSTERS.

D. M. Tomecka,* B. Partoens,t and F. M. Peeters
HUniversity of Antwerp, Dept. of Physics, Groenenborgerlaan 171, 2020 Antwerp, Belgium;
*A. Mickiewicz University, Institute of Physics, Umultowska 85, 61-614 Poznan, Poland;

We report a molecular dynamics study of small classical two-dimensional clusters
with ring-like configurations [1-3]. We present a detailed investigation of the particles
motion of small clusters as a function of temperature before any jumps between shells
occur and thus before the radial melting sets in. Our results were compared with the
previous ones, done with the use of Monte Carlo simulation method [1]. In this work
we found that the melting process of two-dimensional classical cluster is much richer
than presented till now. It is shown that in magic number configurations a local radial
melting of sub-shells occur, which is related to the intershell rotation.

[1] V. M. Bedanov and F. M. Peeters, Phys. Rev. B 49, 2667 (1994),

[2] V. A. Schweigert and F. M. Peeters, Phys. Rev. B 51, 7700 (1995),
[3] Minghui Kong, B. Partoens, and F. M. Peeters, Phys. Rev. E 67, 021608 (2003).
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P-5-13
HIGH-FIELD MAGNETIZATION OF SINGLE-CRYSTAL LiCoPOy,

N.F. Kharchenko, V.M. Khrustalyov, V.N. Savitsky
B. Verkin Institute for Low Temperature Physics & Engineering, NASU, 47 Lenin
Ave., 61103 Kharkiv, Ukraine

The results of the differential magnetic susceptibility measurements of the single-crystal
LiCoPOy in a pulse magnetic field up to 270 kOe are reported. This crystal is a mag-
netoelectric antiferromagnet with the Neel temperature T = 21.8 K. According to
neutron-diffracted data, the magnetic structure of LiCoPOy is collinear, and its prop-
erties at low temperatures can be described by the Ising model. But some magnetic
and magnetoelectric properties of this antiferromagnetic crystal have anomalies, which
are unexplained till now. Thus, in LiCoPOy4 recently has been found out an ultra-weak
ferromagnetism, origin of which remains uncertain. Moreover, the properties of the
magneto-optical hysteretic specify an opportunity of a weak incommensurable magnetic
structure.

The pulsed-field measurements were carried out in two temperature intervals: 1.6 - 4.2 K
(in liquid helium) and 14 - 20.8 K (in liquid hydrogen). The magnetic field strength was
directed along the antiferromagnetic ordering axis H||b. At helium temperatures, the
magnetic phase transformations at 122 kOe and 210 kOe were observed. The complex
structure of peaks of the magnetic differential susceptibility at these transformations had
been revealed. These complications specify that transitions to saturated paramagnetic
state in LiCoPO4 are more complex, than in the Ising antiferromagnetic model with two
competitive interactions between the nearest and next nearest neighbors.

P-5-14
On the possibility of nonuniversal behavior in 3D Ashkin-Teller

model

Grzegorz Musial® and Jos Rogiers®

“Institute of Physics, A. Mickiewicz University, ul. Umultowska 85, 61-614 Poznan,
Poland, e-mail: gmusial@amu.edu.pl
bInstituut voor Theoretische Fysica, Katholicke Universiteit Leuven, Celestijnenlaan
200D, B-3001 Leuven, Belgium, e-mail: jos.rogiers@fys.kuleuven.ac.be

The Monte Carlo simulations in 3D Ashkin-Teller model on a cubic lattice are per-
formed. The study is undertaken in the region where the universality class of the phase
transitions has not been unambigously resolved yet [1, 2]. Using the finite-size scaling
relation between the magnetization, the temperature and the size of the system, the
method of calculation of the critical exponent y; is proposed. The results obtained for
yp suggest such a nonuniversal behavior, because its value seems to change continuously
in some interval approaching the Ising value near the tricritical points, similarly as it
was observed in the 2D case [1].
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P-5-15
A Monte Carlo study of the Falicov-Kimball model in the
perturbative regime: preliminary results

G. Musial?, J. Wojtkiewicz’ and L. Debski®
“Institute of Physics, A. Mickiewicz University, ul. Umultowska 85, 61-614 Poznan,
Poland, e-mail: gmusial@amu.edu.pl, gulf@spin.amu.edu.pl
"Dept. for Math. Methods in Physics, Warsaw University, Hoza 74, 00-682 Warszawa,
Poland, e-mail: wjacek@fuw.edu.pl

Finite-temperature properties of the Falicov-Kimball model on the square lattice have
been studied in the perturbative regime, i.e. in the case: ¢/U < 1, where ¢ is the hopping
constant and U denotes the Coulomb interaction strength. For such a range of ¢ and
U parameters, it is possible to develop perturbation theory in the parameter t/U. As a
result, the Ising-like model emerges. In the second order of the perturbation theory it
is the antiferromagnetic Ising model in the magnetic field, whereas in the fourth order
it constitutes the Ising model with more complicated frustrated antiferromagnetic inter-
actions. The main observables examined were order parameters and their temperature
(T') dependences for different values of the magnetic field (k). In our study, we have
determined the phase diagram of the model in the second-order of the perturbation the-
ory and partially in the fourth-order. We have employed the Monte Carlo method, that
proved its accuracy in analysis of other spin models like Ashkin-Teller model, which we
have recently investigated. To determine the type of ordering and phase boundaries, we
have analysed the behavior of Binder cumulants based on the order parameters under

consideration.
P-5-16
CRITICAL SOUND ATTENUATION IN MnF,

A. Pawlak
Institute of Physics, A. Mickiewicz University, Poznan, Poland

We analyse the critical sound attenuation in the antiferromagnet MnFs above its Neel
temperature. A general formula for the acoustic self-energy, derived in the model in
which a sound mode is coupled to both the order-parameter fluctuations as well as to the
energy mode, is applied to interpret the experimental data in MnFs,. It has been shown
that very interesting competition between three asymptotic singularities is responsible
for the behaviour of the sound attenuation coefficient in the high-temperature phase.
The relative strength of these terms depends also on the ultrasonic frequency. For high
frequency also a background attenuation starts playing an important role.

122



P-5-17

EFFECTIVE SOUND ATTENUATION EXPONENTS IN
MAGNETS

A. Pawlak and B. Fechner
Institute of Physics, A. Mickiewicz University, Poznan, Poland

In this paper we try to explain how some magnets belonging to the Heisenberg uni-
versality class can be characterised by positive sound attenuation exponents near the
critical point. In magnets which are also insulators the sound attenuation exponent
should be equal to 2« [1,2] where « is the usual specific-heat exponent. This exponent
is however negative in the Heisenberg universality class. In this paper we interpret the
positive attenuation exponents measured in isotropic magnets as RbMnF3, Y3Fe5015
and GdsFe5015 in terms of the effective critical exponents. The large value of sound
attenuation exponent in anisotropic FeFs can also be interpreted in this way.

[1] Kawasaki K., Phys. Lett. A 29, 406 (1968)
[2] PAWLAK A., Eur. Phys. J. B 4, 179 (1998)

P-5-18
STRUCTURE, THERMAL STABILITY AND MAGNETIC
PROPERTIES OF Fegy_,Co,P14B¢ METALLIC GLASSES

S.A. Kostyrya®, B. Idzikowski®, V.I. Tkatch’, V.V. Popov’, S.G. Rassolov®
@ Institute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17,
60-179 Poznan, Poland
b Donetsk Physics and Engineering Institute of NAS of Ukraine, R. Luxemburg 72,
83114 Donetsk, Ukraine

Structure, thermal stability, and magnetic properties of Fegg_,Co,P14Bgs (20 < x <
40) metallic glasses have been studied by means of X-ray diffraction (XRD), vibrating-
sample magnetometry (VSM), non-isothermal differential scanning calorimetry (DSC)
and thermomagnetic (TMG) measurements. All studied FeCo-based glasses crystallize
into eutectic mixture of a-Fe and bc-tetragonal FesP-like phases at temperatures in
the range 730-745 K. Structural (sizes of the coherently scattered domains), thermal
(the glass transition and crystallization temperatures, the heats and apparent activation
energies of transformation) and magnetic (the saturation magnetization and the Curie
temperatures) characteristics of the amorphous alloys have non-monotonic compositional
dependencies. From the DSC and TMG data it follows that crystallization of the Co-
rich glasses occurs at temperatures below its Curie points. The as-quenched amorphous
Fego_,Co,P14Bg alloys have improved magnetic properties and essentially enhanced
thermal stability of the structure in comparison with the commercial Fegy_,Ni,P14Bg
(MG2826) glasses.
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0-6-01
ON THE SYMMETRY OF A PREISACH MAP

Marek W. Gutowski®
“Institute of Physics, Polish Academy of Sciences, 02-668 Warszawa, Poland

After the FORC diagrams were introduced as a tool to characterize hysteretic samples,
it quickly turned out, that they are not the same as the Preisach maps. The source of
confusion are two observations:

e the Preisach maps have mirror symmetry with respect to the axis Hyp = —Hgown
while FORC diagrams are often asymmetric, and

e the FORC diagrams’ amplitudes are sometimes negative, beyond any experimental
uncertainties, while the amplitudes on the Preisach maps are expected to be non-
negative, since they are the probability density amplitudes.

A simple and convincing example is presented, showing that the mirror symmetry of
the Preisach map is in reality an exception rather than the rule. This paper is a first
step towards the unification of both, FORC and Preisach, models of hysteresis. After
this is done, the framework of a reworked/reinterpreted Preisach model should gain the
capacity to accurately describe, in a unique way, the exchange biased static hysteresis
loops, as well as those exhibiting unusual effect of negative remanence. Such a general-
ized model of hysteresis should be equally applicable to other classes of materials, like
superconductors, (multi)layered structures, nanocrystalline materials, patterned media,

etc.
0-6-02
MAGNETIC PROPERTIES OF CORRELATED ELECTRONS

R. Lemarnski and P. Mikolajczyk
Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Wroctaw, POLAND

We analyze a system composed of itinerant electrons and localized magnetic moments
with on-site interactions representing Coulomb repulsion, Hund’s first rule and the ex-
ternal magnetic field. Properties of the system are studied rigorously but in a configura-
tional space restricted to low-period phases only. Using exact expressions for the ground
state energy an evolution of the phase diagram with the magnetic field is determined and
a series of metamagnetic phase transitions is detected. Field-dependent characteristics
of magnetically ordered phases, such as magnetization and susceptibility, are calculated
and compared to those experimentally observed in mixed valence materials.
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0-6-03
SPECIFIC HEAT AND MAGNETIZATION FOR THE
SEMIMETALLIC Yb,As;

G. Kamieniarz®, R. Matysiak’, P. Gegenwart®, H. Aoki?, A. Ochiai?
“Computational Physics Division, Institute of Physics, A. Mickiewicz University, ul.
Umultowska 85, 61-614 Poznan, Poland
bInstitute of Engineering and Computer Education, University of Zielona Géra, Poland
“Max Planck Instytute for the Chemical Physics of Solids, Dresden, Germany
dCenter for Low Temperature Science, Tohoku University, Sendai, Japan

The S = 1/2 antiferromagnetic Heisenberg model with the transverse staggered field and
uniform magnetic field perpendicular to the staggered field is applied to a semimetallic
compound YbyAsz. The field - dependent specific heat for infinite and finite chains
as well as the magnetization for infinite chains are calculated by the numerical quan-
tum transfer-matrix method. Specific heat data for polydomain samples YbsAss and
(Ybo.goLug.p1)4As3 at B = 12T are presented and compared with numerical results
obtained for microscopic parameters taken from theoretical predictions. Magnetization
experimental data for a single domain and polydomain sample Yh,Ass are also compared
with our simulation results.

P-6-01
TWO-FERMION DYNAMIC SUSCEPTIBILITIES
OF SPIN-1/2 XX CHAINS

Oleg Derzhko and Taras Krokhmalskii
Institute for Condensed Matter Physics, National Academy of Sciences of Ukraine,
1 Svientsitskii Street, L’viv-11, 79011, Ukraine

One-dimensional quantum spin-1/2 models are known to undergo a spin-Peierls transi-
tion (see, for example, Refs. [1,2]). In our study we consider the spin-1/2 XX chains
to examine rigorously a relation between the spin-Peierls dimerization and the dynamic
properties of the model. For this purpose we calculate the dynamic susceptibilities

xaB(k,w) = Zexp (ikn) /000 dtexp (i (w +1i€)t) % ([4;(t),Bj4n]), €— +0

n

with the local spin operators {A,,, By} = {s%,, D;m} where sZ is the transverse spin

operator and D, = s¥,s% | +s¥ s¥ | is the dimer operator. These dynamic quantities
for the considered models can be calculated analytically employing the Jordan-Wigner
transformation. All of them are determined entirely by two-fermion excitations and can
be analyzed in detail. The obtained results for the special case which corresponds the a
free fermion point should be valuable as a guide for attacking the general case of spin-1/2

X X Z chains.

[1] P. Pincus, Solid State Commun. 9, 1971 (1971).
[2] M. C. Cross and D. S. Fisher, Phys. Rev. B 19, 402 (1979).
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P-6-02
EXTENSION OF THE METHOD OF LINEAR EQUATIONS BY

NONZERO TEMPERATURES ON THE EXAMPLE OF
ONE-DIMENSIONAL ISING MODELS

M. Blaszyk
Institute of Physics, A. Mickicwicz Uniwersity, Poznari, Poland

The method of linear equations has been applied to nonzero temperatures. Two models
have been considered. The first is the disordered model of random ferromagnetic and
antiferromagnetic integrals whose transition matrix meets the condition of invariance of
the sum of terms in each line. Although the other model (one-dimensional Ising model
in an external field) is devoid of disorder it does not require any assumptions on the
form of the transition matrix.

P-6-03
RKKY INTERACTION IN THE PRESENCE OF AN EXTERNAL
MAGNETIC FIELD

T. Balcerzak®
“Department of Solid State Physics, University of Lédz, Pomorska 149/153, 90-236
Lédz, Poland.

The Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction has been extended for the
case when the external magnetic field is taken into account. It has been shown that
the RKKY hamiltonian should contain the Zeeman-like term in which the effective
giromagnetic factor, g¢/f, occurs. This g°// factor contains, in addition to the usual
giromagnetic factor connected with the localized spins, gg, the correction term, which is
linearly dependent on the contact potential, A, of the localized spin with the conduction
electrons. The origin of this additional correction has been explained by the polarizing
effect exerted by the external magnetic field on the electronic gas. Depending on the
strength and sign of the contact potential A, the ¢¢// factor can be increased or decreased
with respect to gg, which gives a possibility for experimental study of the sign of the
contact potential with the help of external field. As we know, in the conventional RKKY
exchange interaction without the field, the information about the sign of the contact
potential is hidden due to the quadratic relationship, JR¥XY o A2, and hence this sign
remains unknown. The numerical estimations indicate that the correction term in g®ff
can be recognizable in some materials, for instance for Co embeded in Cu.
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P-6-04
PHASE TRANSITIONS AND COMPENSATION

TEMPERATURE IN THE MIXED SPIN-1/2 AND SPIN-1
ANISOTROPIC HEISENBERG FERRIMAGNET

A. Bobdk and J. Dely .
Department of Theoretical Physics and Astrophysics, Faculty of Science, P.J. Safarik
University, Park Angelinum 9, 041 54 Kogice, Slovak Republic

The effects of the single-ion anisotropy and the anisotropy exchange parameter on the
phase transitions in the mixed spin-1/2 and spin-1 anisotropic Heisenberg ferrimagnet
have been investigated by the use of an Oguchi pair approximation. Although the theory
is developed for lattices with general coordination number z, the numerical calculation
has been made for the system in the simple cubic (z = 6) and body-centered cubic
(z = 8) lattices. In particular, we have found that the anisotropic exchange interaction
has a remarkable influence on the phase diagram at low temperature. A possibility of
the existence of a compensation temperature in the system at which the resultant mag-
netization vanishes below its transition temperature is also discussed.

This work was supported by the Science and Technology Agency (Grant No. 20-
005204) and Scientific Grant Agency of Ministry of Education of Slovak Republic (Grant
No.1/2009/05).

P-6-05
DYNAMICS OF SPIN—% XY CHAIN
WITH SYMMETRIC AND ANTISYMMETRIC ANISOTROPIES

O. Derzhko®, T. Verkholyak®, T. Krokhmalskii®, H. Biittner®
“Institute for Condensed Matter Physics, 1 Svientsitskii st., L’viv, UA-79011, Ukraine
bTheoretische Physik I, Universitit Bayreuth, Bayreuth, D-95440, Germany

The quantum spin—% XY chain can be mapped onto the noninteracting spinless fermions
and as a result its thermodynamic and dynamic spin correlation functions can be ex-
amined rigorously. We consider the model with the (antisymmetric) Dzyaloshinskii-
Moriya interaction which is present in many low-dimensional magnetic compounds. In
the case of anisotropic XY chain this interaction cannot be eliminated by a unitary
transformation in contrast to the case of isotropic XY chain and therefore some pe-
culiarities in the dynamic properties may be expected. We study the effects of the
Dzyaloshinskii-Moriya interaction on the two-fermion excitations which entirely deter-
mine the zz-dynamic structure factor. Moreover, we obtain the closed-form expression
for the zz-dynamic structure factor analytically. We also study the zz- and yy-dynamic
structure factors numerically for chains of up to 400 spins and analyze the changes caused
by the Dzyaloshinskii-Moriya interaction. We compare and contrast different dynamic
structure factors. We discuss how the Dzyaloshinskii-Moriya interaction manifests itself
in scattering and resonance experiments.
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P-6-06
MAGNONIC CRYSTAL THEORY OF THE SPIN-WAVE
FREQUENCY GAP IN LOW-DOPED La;_;Ca;MnOs
MANGANITES

M. Krawczyk and H. Puszkarski
Surface Physics Division, Faculty of Physics, Adam Mickiewicz University,
ul. Umultowska 85, Poznan, 61-614 Poland

This study is devoted to an investigation of the spin wave spectrum in 3D periodic
macrostructure composed of two ferromagnetic materials: spherical ferromagnetic grains
disposed in the nodes of a bee crystal lattice are embedded in a matrix with different fer-
romagnetic properties. Frequency ranges forbidden to spin wave propagation are found
to exist in the calculated magnonic spectrum, with both the position and the width of the
gaps depending on the magnetic (exchange and magnetization) contrasts in the compos-
ite material, as well as on its structural parameters (filling fraction). This theoretical
study refers to the recent finding of a spin-wave gap in low-doped La;_,Ca,MnOs
manganites (in neutron scattering experiments [1]); this experimental study contained
a suggestion that the magnetic ground state in the studied samples could be inhomo-
geneous, with ferromagnetic droplets embedded in a canted antiferromagnetic matrix.
Therefore, we model the respective manganite sample as a magnonic crystal, in which
droplets are disposed in a regular bece lattice; the respective magnetic contrast values are
estimated on the basis of the available experimental data. A very reasonable estimation
of the droplets mean size and spacing is obtained by fitting the magnonic frequency gap
resulting from our theoretical study to that found experimentally.

[1] P. Kober-Lehouelleur et al., Phys. Rev. B 70, 144409 (2004).

P-6-07
SIMULATIONS OF THE THERMODYNAMIC PROPERTIES
OF A DODECANUCLEAR NICKEL RING

G. Kamieniarz®, M. Haglauer?, A. Caramico D/Auriab, F. Esposito®
and D. Gatteschi®
“Computational Physics Division, Institute of Physics, Adam Mickiewicz University,
ul. Umultowska 85, 61-614 Poznari, Poland
’Dipartimento di Scienze Fisiche, Universita di Napoli, 80125 Napoli
and INFM Unita di Napoli, Italy
“Dipartimento di Chimica, Universita di Firenze, Sesto Fiorentino, Italy

The numerical exact diagonalization technique exploiting the point-group symmetry is
worked out for the anisotropic Heisenberg spin Hamiltonian with the ring geometry. It is
applied to the supramolecule Nij3(O2CMe)12(chp)12(H20)(THF)g, in large-scale sim-
ulations, yielding the low-level energy spectra as a function of the single-ion anisotropy
D and the thermodynamic functions. The constant D is analysed and estimated at
D/kp = 1.5 K. The results for the zero-field susceptibility and the field-dependent mag-
netization are presented and compared with experimental data.
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P-6-08

Generalized theoretical approach to quasi-one-dimensional molecular
magnets

R. Pelka®, M. Balanda®, P. Przychodzeri’, K. Tomala®,
B. Sieklucka’, T. Wasiutyriski®
@ The H. Niewodniczanski Institute of Nuclear Physics PAN, Radzikowskiego 152,
31-342 Krakéw, Poland
b Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Krakéw, Poland
¢ M. Smoluchowski Institute of Physics, Jagiellonian University, Reymonta 4,
30-059 Krakow, Poland

Two quasi-one-dimensional compounds [Ln!!! (terpy) (DM F)4][W"Y (CN)s]-6 H2O, where
Ln stands for Gd or Sm, were synthesized and the measurements of their magnetic fea-

tures were carried out. Magnetization was measured at 2 K in the field range 0-5 T. To

extract physical information from the experimental data a generalization of the theoret-

ical approach given by Verdaguer et al. [Phys. Rev. B 29, 5144 (1984)] is put forward.

That theoretical model is found to fit the data well. It allows for the determination not

only of the coupling constant but also of the zero-field splitting parameter.

P-6-09
ORBITAL POLARIZATION IN DOPED MANGANITES
P. Horsch® and J. Bala®
@ Max-Planck-Institut fiir Festkorperforschung, Heisenbergstrasse 1, D-70569
Stuttgart, Germany
b Institute of Physics, Jagellonian University, Reymonta 4, PL-30059 Krakéw, Poland

Using finite-temperature diagonalization we investigate the optical conductivity, the re-
sistivity and the spin-orbital dynamics in the colossal magnetoresistance (CMR) regime
of manganites. Our study is based on an orbital degenerate Kondo lattice model includ-
ing orbital polarization effects due to Coulomb interaction and the coupling of carriers
to breathing phonons. The characteristic activated behavior of resisitivity in the param-
agnetic phase, and its dramatic decrease in the ferromagnetic phase, follows in a natural
way as a combined effect of orbital polaron formation and spin disorder. The activated
behavior of resistivity is reflected by the evolution of a pseudogap in the optical con-
ductivity. At low temperature the spin dynamics is characterized by ferromagnetic spin
waves with strong damping induced by temporal fluctuation of exchange interactions
due to the orbital dynamics.

Although currently phase separation scenarios seem to dominate the CMR literature, we
argue here in favour of an intrinsic explanation of CMR. To our knowledge our study is
the first numerical simulation of the dynamics and thermodynamics of a realistic model
for manganites, i.e., including spin-, orbital-, charge-, and to some extent also the lattice
degrees of freedom.
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P-6-10
COLLECTIVE SPIN FLUCTUATIONS IN NONCOLLINEAR
FERROMAGNET

P.Rusek
Institute of Physics, Wroclaw University of Technology, Wroclaw, Poland

In Mn based III-V and II-VI diluted magnetic semiconductors the impurity spins,in a
ferromagnetic phase, are noncollinear [1,2]. They constitute the noncollinear ferromag-
net (NF). In NF the problem of coexistance of a noncollinear spin’s alignment with an
effective ferromagnetic long range order arises. Because of the spin’s noncollinearity NF
is not invariant with respect to the local rotations about an axis directed along a spon-
taneous moment, unlike in a ferromagnet. The change of the ground state symmetry of
NF, compare to a ferromagnet, results in essential changes in NF dynamics and requires
new methods of descriptions. The relevant 'order parameter’ for NF is a rotation matrix
that describes a rotation of spin space.

We propose a phenomenological description of NF, which respects a symmetry of that
phase. A dynamically induced magnetic moment, anisotropies(nonuniform also) and an
external magnetic field as well as dissipative processes are included in the presented
description. We shall derive a phenomenological Hamiltonian of NF. The dissipative
processes are described by a dissipative function. The spin dynamics of NF is studied
by means of equations of motion in Liouville’s form. The well defined three branches of
spin waves(ferrimagnetic like) are found. The dynamical susceptibility and correlation
functions of magnetic moment components are evaluated.

[1] J.Schliemann, A.H.MacDonald, Phys.Rev.Lett.88,137201(2002)

[2] G. Zarand, B. Janko, Phys. Rev. Lett. 89, 047201 (2002)

P-6-11
CRYSTAL FIELD STATES IN CONDUCTING MAGNETIC
MATERIALS: NdAl,, UPd;Al; and YbRh;Si»

R. J. Radwanski®® and Z. Ropka®
2Center of Solid State Physics, S™* Filip 5,31-150Krakow,Poland
bInstitute of Physics, Pedagogical University, 30-084 Krakow, Poland
e-mail: sfradwan@cyf-kr.edu.pl; http://www.css-physics.edu.pl

There is still a hot debate on the formation and a role of localized crystal-field states
in conducting magnetic materials. By years we have pointed out that in metallic com-
pounds localized crystal-field states coexist with conduction electrons. The former are
predominantly responsible for magnetic and low-energy spectroscopic properties, the
latter for the conduction. In our atomic-start approach to 3d-/4f-/5f-atom contain-
ing compounds, being somehow a continuation of Van Vleck’s studies, we take into
account crystal field and spin-orbit interactions as well as very strong electron correla-
tions. These electron correlations, predominantly of the intra-atomic origin, involving
local orbital moment form physical conditions for realization of an anisotropic spin liquid
ground state, that, however, in case of atomic-like configuration with an odd number of
electrons, is unstable with respect to spin fluctuations for T->0 K. We take the experi-
mental observation of localized states of UPdoAl; (Prof. Steglich’s group in 1996) and
recently of a localized Electron-Spin-Resonance signal in YbRhsSis as nice confirma-
tion of our crystal-field-based approach not only to conventional conducting magnetic
materials but also to those exhibiting anomalous low-temperature properties, known as
heavy-fermion behavior. Influence of CEF states on the magnetism of NdAly, UPdAl;
and YbRh5Sis will be discussed.
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P-6-12
THE GROUND STATE OF QUANTUM SPIN HALF
HEISENBERG ANTIFERROMAGNETS

A.Moliniska and P. Tomczak
Physics Department, Adam Mickiewicz University, Umultowska 85,
61-614 Poznan, Poland

The ground state properties of the spin half Heisenberg antiferromagnets (HAFM) on
the 11 two-dimensional uniform Archimedean lattices have been investigated. These
lattices are the prototypes of 2D arrangements of spins and vary in their geometrical
and topological properties. Ground states of HAFMs on bipartite and frustrated lattices
have been found in a short-range Resonating Valence Bond (SRRVB) basis to answer
the question whether such states and low-temperature physics in such systems may be
properly described in this basis. The SRRVB states have two important properties:
they are not linearly independent and not orthogonal. The SRRVB basis is also over-
complete. The numerical calculations have been made for clusters up to 42 sites with
boundary periodic conditions. Exact diagonalization method (LAPACK) has been used.

P-6-13
DYNAMIC PROBES OF QUANTUM SPIN CHAINS:
MULTI-FERMION EXCITATION CONTINUA

Oleg Derzhko', Taras Krokhmalskii', Joachim Stolze > and Gerhard Miiller?
nstitute for Condensed Matter Physics NASU,
1 Svientsitskii Str., L’viv-11, 79011, Ukraine
2Institut fiir Physik, Universitit Dortmund, 44221 Dortmund, Germany
3Department of Physics, University of Rhode Island,
Kingston, Rhode Island 02881-0817, USA

We calculate analytically the dynamic dimer and trimer structure factors of the one-
dimensional spin-1/2 XX model in a transverse magnetic field at any temperature. In
the framework of the Jordan-Wigner approach the accessible spectrum of the dimer
(trimer) fluctuation operator is limited to two-fermion (two- and four-fermion) excita-
tions. We examine some features of the four-fermion excitation continuum and compare
them with the well known properties of the two-fermion continuum. Finally, we discuss
the experimental relevance of the calculated structure factors. Our calculations extend
the list of exact results for dynamic properties of quantum spin chains.

Further details can be found in Ref. 1.

This study was performed within the framework of the STCU project #1673.

[1] O. Derzhko, T. Krokhmalskii, J. Stolze, and G. Miiller, Phys. Rev. B (accepted).
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The quantum spin-1/2 Heisenberg antiferromagnet on a triangular

lattice with some bonds removed in a translationally invariant
manner - ground state and lowest excitations.

K. Cichy’ A. Kujawa’ P. Tomczak® J. Richter®
“Institut fiir Theoretische Physik, Universitdt Magdeburg
YPhysics Department, Adam Mickiewicz University

This work is aimed at demonstrating the ground state and lowest-excitation states prop-
erties of the quantum spin-1/2 Heisenberg antiferromagnet on a 2D triangular lattice
with some bonds removed in a translationally invariant manner which results in 2 non-
equivalent types of sites with 4 or 6 nearest neighbours (n.n). The calculations were
performed using an exact diagonalization (ED) approach in the complete RVB and non-
complete short-range RVB (SRRVB) basis. The main question was whether the reduced
basis leads to reasonable ground state and low temperature properties. Mean singlet
length is slightly above 1 and almost insensitive with respect to the size of the system,
which indicates that the ground state can in principle be described properly by SRRVB.
The ground state energy was calculated both in the SRRVB and in the RVB basis. For
16-spin system the former is -7,598058 (-0,474879 per spin) and the latter -7,654240
(-0,478390 per spin) (the SRRVB value is 99,3% of the exact value). For 32-spin system
the values are -15,031844 (-0,469745 per spin) and ...[IN CALC.], respectively. To give
an answer whether the lowest excitations of the system can be described properly in
the n.n. basis, specific heat was calculated, which showed that the lower part of the
excitation spectrum seems to be well described in the SRRV B basis.

P-6-15

EQUATION OF MOTION FOR SPIN IN ELECTROMAGNETIC FIELD
A.Kabychenkov

Institute of Radio Engineering end Electronics of Russian Academy of Sciences
Moscow region, Fryazino, Vvedenskogo sq. 1, E-mail: akab@mail.cplire.ru

The equation of motion for spin s in continuum in absence of the electromagnetic
field has been considered. In the present paper the equation for s in presence of the
electromagnetic field is derived on the basis of the conservation law of the total angular
momentum (orbital and spin) of the continuum and electromagnetic field .This equation has the
form

ps+R,, =N"+N” + N4+ N,
where p is the continuum mass density, R, is the surface torque, NP=e;e;, P, is the volume
torque due to nonsymmetrical stress tensor P, e is the unit antisymmetric tensor, e; is the
base vector, N°=[PE]+[MB] is the electromagnetic torque, E and B are the electric and
magnetic fields, P and M are the polarization and magnetization, N*=c'[J"A] is the torque
due to vector potential A, Jeff:J+P,1+cr0tM is the effective current, No=N"+N"P is the torque
existing without Lorenz gauge, N'=z"B-c"'[J*E] and N*°=(41)'A,VB, are the torques in a
form similar to Lorenz force and electromagnetodipole force, z"=divA/4n, J*=(c/4m)Vo, ¢ is

the scalar potential. The parameters z* and J* are related by the equation of continuity
ZA,1+JA,,,,,:-C(Z-P,,,“), where z is the electric charge. Therefore J% is the flux of z*.
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P-6-16
BIPARTITE AND TRIPARTITE ENTANGLEMENT
IN 2D SPIN-% HEISENBERG ANTIFERROMAGNETS

R. Chhajlany, A. Grudka, P. Tomczak and A. Wéjcik
Physics Department, Adam Mickiewicz University, Umultowska 85,
61-614 Poznan, Poland

Quantum entanglement was lately investigated mainly in the context of quantum infor-
mation processing. Recently, however, the quantum entangled quantum states are being
recognized to play an important role in many quantum phenomena (BCS, Hall effect,
quantum phase transitions) and were used in the description of many-body strongly
correlated systems. Here, we consider bipartite and tripartite entanglement present in
the ground state (S = 0) of Heisenberg spin-half antiferromagnets attached to some 2D
Archimedean lattices. Additionally we discuss a relation of the von Neumann entropy
(which is a measure of entanglement) to the ground state degeneracy.

P-6-17
Quasi-one-dimensional S=1/2 magnet Pb[Cu(SO,4)(OH)s]:
frustration due to competing inchain exchange
M. Baran®, A. Jedrzejczak®, H. Szymczak®, V. Maltsev’, G. Kamieniarz®,
G. Szukowski¢, C. Loison?, A. Ormeci?, S.-L. Drechsler® and H. Rosner?
%Institute of Physics, Polish Academy of Sciences, 02-668 Warsaw, Poland
*Department of Geology, Moscow State University, 119899 Moscow, Russia
“Institute of Physics, A. Mickiewicz University, 61-614 Poznan, Poland
dMax-Planck-Institut fiir Chemische Physik fester Stoffe, 01187 Dresden, Germany
“Institut fiir Festkdrpertheorie im IFW Dresden, 01171 Dresden, Germany

Zero-field susceptibility and specific heat of Pb[Cu(SO4)(OH)2] single crystal were stud-
ied. Magnetic measurements were performed using a commercial SQUID magnetometer
in the temperature range 2-300 K and the temperature dependence of magnetic sus-
ceptibility were found along the symmetry axes. Heat capacity measurements were
carried out for T' < 20 K, using the adiabatic heat pulse method, showing a sharp
anomaly at T = 2.8 K. In order to verify that linarite is a quasi-one-dimensional system
with competing nearest-neighbour and next-nearest-neighbour inchain exchange inter-
action, theoretical results based on electronic structure calculations within the LDA
and a phenomenological analysis using the finite-temperature transfer-matrix method
are presented. Depending on the value of the screened onsite repulsion U = 3 to 5 eV
the possibility of a variety of ground states is discussed: ordinary commensurate Néel
or spin-Peierls phases versus incommensurate spiral states with acute or obtuse pitch
angles. We compare linearite with other related edge-shared cuprate chain materials.
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O-7-01
Calculation of structural, electronic and magnetic properties of MnSi
and Co;MnSi(001) thin films
P. Kratzer, H. Wu, J. Hashemifar, M. Hortamani and M. Scheffler
Fritz-Haber-Institut der Max-Planck-Gesellschaft

We investigate thin films of Mn intermetallic compounds using density-functional cal-
culations and the FP-LAPW or APW+lo method, with the goal to identify materials
systems of possible use as spin injectors on Si(001). We find that the surface electronic
structure of the ferromagnetic half-metal CooMnSi is strongly affected by the type of
surface termination. In particular, an ad-layer of Mn atoms preserves the half-metallic
gap, whereas surface states occur for other terminations. From calculated surface en-
ergies for CooMnSi(001) we conclude that terminations either by a layer of only Mn
atoms, only Si atoms, or a mixture of both are thermodynamically stable, depending on
chemical environment. Next, we investigate the properties of ultra-thin films (1-3 mono-
layers) on Si(001), focussing on MnSi and CoaMnSi. From our total-energy calculations,
we conclude that a novel, CsCl-like crystalline phase of MnSi should be producible as a
metastable epitaxial structure on Si(001). Thin films with CsCl-like sandwich structure
of alternating Mn and Si layers have sizeable magnetic moments of 1-2 pp at Mn, and
show a layered magnetic ground state, with pronounced ferromagnetic coupling between
the Mn spins within the layers, and weak interlayer coupling. For ultrathin Co,MnSi
films on Si(001), we find Mn magnetic moments of 2.7-3.5 i, and strong ferromagnetic
coupling both within the same layer and between layers.

Both for the MnSi and the CooMnSi films, our calculations predict values of 20% to 50%
for the spin polarization at the Fermi level.

0-7-02
Cluster perturbation theory for transition metal oxides

R. Eder and H. Winter
Institut fiir Festkorperphysik, Forschungszentrum Karlsruhe, 76021 Karlsruhe,
Germany

‘We propose a many-body method for band-structure calculations for strongly correlated
clectron systems and apply it to transition metal oxides with NiO as an example. The
method may be viewed as an application of cluster perturbation theory to a realistic
model of a transition metal oxide whereby the Coulomb interaction within the transition
metal d-shells is treated by exact diagonalization and the hopping between different
atoms (as described by an LCAO-parameterization of an LDA bandstructure) is treated
by cluster perturbation theory. We find good agreement between the calculated single-
particle spectrum and angle resolved photoemission experiments in NiO.
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P-7-01
Competition of ferromagnetism and superconductivity in Sc3InB,

B. Wiendlocha®, J. Tobola%, S. Kaprzyk®, D. Fruchart®, J. Marcus®
“Faculty of Physics and Applied Computer Science, AGH University of Science and
Technology, Krakow, Poland
*Laboratoire de Cristallographie, CNRS Grenoble, France
“Laboratoire d’Etude des Proprietes Electroniques des Solides, CNRS Grenoble, France

Recent discovery of superconductivity in the intermetallic perovskite MgCNiz was a
great surprise due to large Ni contents and this compound was rather expected to be
near ferromagnetic critical point. We present results of electronic structure calculations
with Full-Potential KKR-LDA method for similar perovskite material — Sc3InB — which
is very promising candidate for a new superconductor. Interestingly, this compound may
be regarded as a boron—inserted cubic ScsIn, which is a high-pressure allotropic form of
the well-known hexagonal weak ferromagnet SczIln. KKR calculations showed that scan-
dium atoms keep magnetic moment (of about 0.25 pup) in both phases of Scgln, while
Sc3InB exhibits non—magnetic state with large DOS in the vicinity of Er. Estimation of
the electron-phonon coupling constant A from McMillan-Hopfield formulas and calcu-
lated phonon DOS gave A ~ 1 for Sc3InB. The effect of vacancy in Scz3InB;_, and In/B
disorder in Scs(In-B) on critical parameters were also discussed in view of KKR-CPA
method. All theoretical results supported possibility of the superconductivity onset in
ScsInB. A sample was prepared by arc melting technique and preliminary experimental
data were collected using AC susceptometer equipped with a parallel resistivity mea-
surement. The transition temperature was established close to 4.5 K, with a very abrupt
change in susceptibility and a correlated drop of the resistivity when cooling down.

P-7-02
STRUCTURAL, MAGNETIC AND HYPERFINE PROPERTIES

OF B2-TYPE FeAl DOPED WITH TRANSITION METAL
IMPURITIES

T. Michalecki, J. Deniszczyk and J.E. Frackowiak
Institute of Materials Science, University of Silesia, Katowice, Poland

The structural, electronic and magnetic properties of the transition metal (TM=Ti,
V, Cr, Mn, Co, Ni, Cu, Zn) impurities in FesoAlso matrix with B2-type structure have
been investigated applying the the super-cell approach and using the tight-binding linear
muffin-tin orbital (TB-LMTO) method of electronic structure calculations. The location
of the TM impurity at Fe and Al sites was tested. For each investigated composition
Fey s TMgAlsg and FesoTMgAly, the volume optimization was performed and the forma-
tion energy was estimated. Both magnetically ordered and non magnetic solutions were
analysed. Based on the calculated results the following conclusions can be drawn: a) In
all investigated cases the magnetic solutions are stable against the non-magnetic one.
b) The site preference established shows that the elements of the periodic table on the
left of iron (Ti, V, Cr, Mn) prefer to occupy Al sublattice while the heavier atoms ( Co,
Ni, Cu, Zn) locate at the Fe sites. ¢) The site preference strictly correlates with the
alignment of the impurity local moment. The local moment of the impurities located at
the preferred site always show the antiferromagnetic alignment with respect to the bulk
magnetization. d) The calculated (optimized) volume and the average °"Fe isomer shift
show the similar dependence on the impurity atomic number (Z). The calculated struc-
tural and electronic properties follow qualitatively the tendency observed experimentally
for the TM impurities in FeAl host and the dilute Fe-TM alloys.
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Density functional investigation of electronic structure, magnetic
and structural properties of several Heusler alloys

Wenxu Zhang, Klaus Koepernik, Ulrike Nitzsche, Manuel Richter
Leibniz-Institute for Solid State and Materials Research, IFW Dresden, P.O. Box
270016,D-01171 Dresden,Germany

The lattice parameters,electronic structure, and magnetic moments of several Heusler
alloys with cubic and tetragonal structures are studied by scalar relativistic full-potential
local-orbital minimum basis band structure calculations. The influence of hydrostatic
pressure on these properties is investigated. The calculation reveals that the cubic
structure of one of the compounds is unstable at zero temperature, and the tetragonal
structure has a lower energy. The predicted martensitic phase transformation from the
higher temperature cubic phase to the lower temperature tetragonal phases can be un-
derstood as a band Jahn-Teller effect. The tetragonal distortions can lower the energy
by splitting a peak of the density of states which is situated at the Fermi level in the
cubic structure.

P-7-04
Spin and orbital magnetic moment on cobalt in Co/Ti multilayers:
ab — initio calculations
A. Jezierski
Institute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan, Poland

The influence of local environment on the electronic and magnetic properties of Co-Ti
multilayers is studied by ab-initio spin polarized tight binding LMTO [1] and FPLO [2]
methods. In this work we present the electronic structure and the magnetic moments
(spin and orbital) of Co calculated for the different structural models. Ab-initio calcula-
tions are performed for Co atom located on the surface of titanium. The band structure
is also calculated for the chain of (3-5) cobalt atoms surrounded by the titanium layers.

[1]O.K.Andersen, O.Jepsen, Phys. Rev. Lett. 53, 2572 (1984)
[2]K.Koepernik, H.Eschrig, Phys.Rev.B.59, 1743 (1999)
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Influence of impurities on the electronic and magnetic properties of
Fe;TiSn
A. Jezierski' and A.Slebarski?

Hnstitute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznaii, Poland
2Institute of Physics, University of Silesia, 40-007 Katowice, Poland

The influence of Fe, Co and V on the magnetic and electronic properties of FesTiSn
Heusler type alloy was studied recently [1-2]. The transition elements strongly modified
the electronic structure of FeoTiSn ,particularly near the Fermi level. In this work we
present the electronic structure of FesTi;_,V,Sn and Fey_, M, TiSn, where M=Ni and
Co. The electronic structure, magnetic moments and the theoretical XPS spectra were
calculated by SPR-KKR-CPA method [3]. The band structure of ordered Fe,TiSn alloy
was calculated by fully relativistic full potential FPLO [4-5] and full potential LMTO
[6] methods.

[1]A.Slebarski et al. Phys. Rev.B 65, 144430 (2002)

[2]A.Slebarski et al. Phys.Rev. B. 69, 155118 (2004)

[3|H.Ebert,Fully relativistic band structure calculations for magnetic solids-Formalizm
and Application, in Electronic Structure and Physical Properties of Solids, ed. H.
Dreysse, Lecture Notes in Physics, vol.535,p.191 Springer Berlin

[4]K.Koepernik, H.Eschrig, Phys.Rev.B. 59, 1743 (1999)

[5]K.Koepernik, V.Velicky, R. Hayn and H.Eschrig, Phys. Rev. B. 55, 5717 (1997)
[6]S.Y.Savrasov and D.Y.Savrasov, Phys.Rev.B. 46,12181(1992)

P-7-06

Influence of local atomic disorder on the electronic and magnetic
properties of Ni;MnGa Heusler alloy

M. Kowalewski! A. Jezierski? and J. Dubowik 2
nstitute of Physics, Technical University, Poznan, Poland
?Institute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan, Poland

The electronic and magnetic properties of NisMnGa Heusler alloy depend strongly on
the atomic disorder in the fcc sublattices of L2; type structure and the tetragonal distor-
tion. In this work we present the electronic structure of NisMnGa obtained by ab-initio
methods, SIESTA [1-2] and LMTO [3]. We study the influence of the atomic disorder
on the shape of the density of states near the Fermi level as well the effect of the tetrag-
onal distortion. Using the SIESTA code we have shown that the shape of the density
of states depends on the form of the pseudopotentials and the parametrization of the
exchange-correlation potentials.

[1] SIESTA 1.3 http://www.uam.es/siesta

[2]J.M.Soler,E.Artacho,J.Gale, A.Garcia, J.Junquare, P.Ordejon, D.Sanchez-Portal,
J.Phys.Cond. Matter 14, 2745 (2002)

[3]0.K.Andersen, O.Jepsen, Phys. Rev. Lett. 53, 2572 (1984)
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Magnetic properties and band structure of Niy(Ti,Mn;_,)Sn Heusler
type alloys

P. Kowalewski ' and A. Jezierski?
nstitute of Physics, University of Technology, 60-965 Poznan, Poland
2Institute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan,Poland

We study the influence of Mn on the band structure and magnetic properties of
NisTi,Mni_,Sn Heusler type alloy. The calculations were performed by TB LMTO-
ASA method [1] for the experimental [2] and the theoretical lattice parameter. The
theoretical lattice parameters were obtained from the minimum of the total energy. The
theoretical dependence of the magnetic moment on the concentration of Mn was similar
to the experimental data [2]. We present also the total density of states convoluted with
Lorentzians of half with 0.4 eV and multiplied by cross sections for bands with different
1 symmetry [3]

[1] O.K. Andersen, O. Jepsen, Phys. Rev. Lett. 53, 2572 (1984)
2] C.C.M. Campbell, C.V. Stagen, Can.J Phys. 54, 2179 (1976)
[3] J.J. Yeh and I. Lindau, At.Data Nucl. Data Tables 32, 1 (1985)

P-7-08
Orbital moments in uranium compounds- ab-intio calculations
A. Jezierski' and A. Szytula 2
nstitute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan, Poland
2 M.Smoluchowski Institute of Physics, Jagiellonian University, 30-059 Krakéw, Poland

The electronic structure and magnetic properties of the tetragonal UsToIng (T=Ni,Rh,Pt)
compounds were studied recently [1]. In this work we present the electronic structure

and the magnetic moments (spin and orbital) of UsRhoIn and UsPtoIn compounds. The

electronic structure and magnetic properties were calculated by the fully relativistic full

potential local orbital minimum basic band structure scheme (FPLO-5 code) [2]. We

used the Perdew-Wang [3] parametrization of the exchange-correlation potential.

[1] A. Szytuta, A. Jezierski, A. Winiarski, B. Penc, V.H. Tran, (2005) -to be published

[2] K. Koepernik, H. Eschrig, Phys.Rev.B.59 (1999)1743
[3] J.P. Perdew, Yu. Wang, Phys.Rev. B45 (1992) 13244
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Band Structure of ternary antimonides YbPdSb compounds by
ab-initio methods

R.Wagner' M.Komasinski ' A. Jezierski®
nstitute of Physics, University of Technology, 60-965 Poznan, Poland
2Institute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan, Poland

The physical properties of the ternary equiatomic antimonides YbPdSb and YbPd,Sb
have been investigated in the recent years [1]. The structural analysis [1] has shown that
YbPdASb has two type of structure: low temperature (LT) (MgAgAs type) F43m No.216)
and high temperature (HT) (TiNiSi-type) Pnma No.62). In this work we present the
electronic structure of YbPdSbh. The ab-initio calculations are performed for two types
of crystallographic structures. We applied fully relativistic full potential FPLO method
[2]. The calculations the 4f states of Yb are treated as valence as well as semicore states.
The band structure is also calculated by ASW method [3].

[1] R. Mishra, R. Pottgen, R-D. Hoffmann, T. Fickenscher, M. Eschen, H. Trill, B.D.
Mosel, Z. Naturforsch 57 b, 1215 (2002)

[2] K. Koepernik, H. Eschrig, Phys.Rev.B. 59 (1999) 1743

[3] V. Eyert ,Int. J.Quantum Chem.77, 1007 ((2000)
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ELECTRONIC SPECTRA AND MAGNETIC PROPERTIES OF
RBg, RB12 AND RB>;Cy; BORIDES

A. Baranovskiy?, G. Grechnev®, A. Logosha“, I.V. Svechkarev®,
O. Eriksson®
% B.Verkin Institute for Low Temperature Physics, Kharkov, 61103, Ukraine
Ukraine
b Theoretical Magnetism Group, Uppsala University, S-75121, Sweden

The electronic structures of RBg, RB12 and RB3Csy borides (where R is a rare-earth,
alkaline-earth, or early transition metal atom) are studied ab initio by using the full-
potential linear muffin-tin orbital method to shed light on the intriguing magnetic prop-
erties of these compounds. This includes the promising materials for spin electronics
with reported high temperature ferromagnetism, namely, doped divalent hexaborides
CaBg, SrBg, BaBg, and the CaB5Cy compound, as well as Kondo semiconductors, SmBg
and YbBi5. For CaBg and SrBg a semiconducting band structure has been obtained,
in agreement with the recent experimental data, whereas a semimetallic ground state
is expected for CaB2C,; and doped hexaborides. For CaB5;Cs and the semimetallic
Bay_,La,;Bg alloys we have performed spin-polarized calculations in an external field to
evaluate the induced spin and orbital magnetic moments. The calculations indicate a
possibility of the field-induced weak ferromagnetic phase in CaB5Cs and the La doped
hexaborides. The LSDA and GGA calculations for different spin configurations of YbB5
point to a predominantly antiferromagnetic coupling between Yb*? ions. For SmBg and
YbB12 our LSDA, GGA, and LSDA+U calculations have not revealed the hybridization
gap for configurations with trivalent Sm*2 and Yb+3.
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Electronic Structure and Tunneling Magnetoresistance of
M/GaAs/M (001) (M=Fe, Co and Ni) Junctions

P. Vlaic
University of Medicine and Pharmacy ”Iuliu Hatieganu”, Biophysics Department, RO
400023 Cluj-Napoca, Romania

The electronic structure of M/GaAs/M (001) (M=Fe, Co and Ni) heterostructures have
been studied by means of a first principle Green’s function tecnique. The conductances
and the tunneling magnetoresistance ratio (TMR), in the current perpendicular-to-the
plane geommetry, were calculated by means of the transmission matrix formulation of the
Kubo-Landauer formalism. For all systems, the M magnetic moments at the M/GaAs
interfaces as well as the magnetic coupling between the magnetic slabs are sensitive
at the value of the lattice constant. Thus, for calculated equilibrium lattice constant,
The M magnetic moments decrease compared with the corresponding bulk value while
for the experimental value of the lattice constant, they increase in the of iron systems
and remain almost unchanged for the cobalt ones. The different magnetic behavior
of M atoms corresponding to the two values of the lattice spacing is a consequence
of the competition between two effects named the low coordination number and the
hybridization between M and sp (GaAs) states at the interfaces. Small values of the
TMR ratio are obtained for all systems. The TMR ratio depends on the termination
of the GaAs spacer that may be related with the electronic structure at the M/GaAs
interfaces.

P-7-12
ELECTRONIC STRUCTURE OF URuGas AND UlrGas

J.A. Morkowski and A. Szajek

Institute of Molecular Physics, Polish Academy of Sciences,
ul. M. Smoluchowskiego 17, 60-179 Poznan, Poland

As a part of a systematic study of the uranium isomorphic ternaries UTGas
with transition metals results of calculations of the electronic structure for T =
Ru and Ir are presented. The compounds crystallize in the HoCoGas-type
structure, space group P4/mmm, and (except for T = Ni, Pd and Pt) are not
magnetically ordered [1]. The electronic structure was calculated by the full-
potential LMTO method [2]. General features of the calculated densities of
states show similarities to the ones for UCoGas [3].

[1] Yu.N. Grin, P.Rogl and K. Hiebl, J. Less-Common Metals, 121, 497 (1986)

[2] S.Y. Savrasov, Phys. Rev. B 54, 16 470 (1996)
[3] R.Tro¢ et al., Phys. Rev. B 70, 1 (2004)
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THE ELECTRONIC AND MAGNETIC PROPERTIES OF
PI‘3C013B2 AND PI‘5COlgB6 COMPOUNDS

A. Szajek
Institute of Molecular Physics, Polish Academy of Science
M. Smoluchowskiego 17, 61-179 Poznan, Poland

The Pr3Coi3B5 and PrsCo19Bg compounds were manufactured as promising systems
suitable for fabrication of permanent magnets. They belong to the R,,+,C05m+3nBan
family with (m=2n, n=1), (m=2, n=3), and (m=3, n=2), respectively [1]. The band
structure calculations are performed by the tight binding version of the linear muffin-tin
orbital method in the atomic sphere approximation (TB-LMTO ASA) [2]. The calcu-
lated magnetic moments on Co atoms depend on their local environment and vary in the
range of 0.22 to 1.70 up/atom. The calculated values of the total magnetic moments
are equal to: 23.56 (20 [3]) and 29.62 (23.7[4]) ug/f.u. for Pr3Coi3Bs and PrsCo19Bg
compounds, respectively, where the experimental values are given in the parenthesis.
The main contributions to the total densities of electronic states at the Fermi level are
provided by 3d electrons of the Co atoms.

1] Y. Chen et al., J. Alloys Compd. 289 (1999) 96.
2] O.K. Andersen, Phys. Rev. B 12 (1975) 3060.
3] Y. Chen et al., Appl. Phys. Lett. 74 (1999) 856.
4] Y. Chen et al., Phys. Rev. B 61 (2000) 3502

P-7-14
ELECTRONIC AND MAGNETIC PROPERTIES OF
UCoAsy; COMPOUND
M. Werwinski® and A. Szajek’
¢Faculty of Technical Physics, Poznann University of Technology,
ul. Nieszawska 13a, 60-965 Poznan, Poland

bInstitute of Molecular Physics, Polish Academy of Sciences,
ul. M. Smoluchowskiego 17, 60-179 Poznan, Poland
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The UCo0Ass compound crystallizes in the tetragonal H fCuSis - type structure with
space group P4/nmm [1]. The compound orders ferromagnetically at 150K with spon-
taneous magnetic moment of about 1.8up. The magnetic behaviour in UC0Ass exhibits
a giant anisotropy in both ordered and paramagnetic region, which was interpreted as
being caused predominantly by strong f — d hybridization and pronounced crystal field
effect [1]. In this paper we present results of ab — initio band structure calculations
based on the Full-Potential Local-Orbital Minimum-Basis Scheme (FPLO) [2].

[1] D. Kaczorowski, H. Noél, M. Potel, J. Alloys Compd. 302 (2000) 1
[2] K. Koepernik and H. Eschrig, Phys. Rev. B 59 (1999) 1743

141



142



Abal'oshev A., 113, 114
Aleshkevych P., 89
AlHajDarwish M., 13
Anders A.G., 94
Andersen K., 85
Andreeta M.R.B., 66
Andreev AF., 2
Andrzejewski B., 103, 109
Antonov V.N., 72
AokiH., 125
Aratjo M.A.N., 39
Arciszewska M., 53
Arias J.E., 61
Baberschke K., 50, 88
Baczewski L.T., 65, 66
Bajorek A., 106
Bajtsar A., 92
Bak M., 43
Bakaimi J., 111
BataJ., 129
Balanda M., 129
Balbashov A.M., 37
Balcerski J., 56
Balcerzak T., 126
Baldomir D., 61
BaliM., 115
Baran M., 116
Baran M., 89, 133
Baranovskiy A., 139
Barna$ J., 13, 39, 54, 59, 70, 74,
75,71, 78, 80, 81, 82, 84
BassJ., 13
Baszynski J., 66, 67, 71
Bat'ko I., 105
Bat'kova M., 105
Bauer G.E.W., 81
Bayreuther G., 3
Bednar¢ik J., 96
Beauvillauin P., 101
Bennemann K.H., 33
Berakdar J., 39
Bertenlian B., 101
Bernien M., 50

INDEX OF AUTHORS

Biasini M., 111
Blagoev B., 58
Btaszyk M., 126
Bligel S., 4
Bliimer N., 38
Bobak A., 115, 127
Bojko A., 65
Bokor M., 93
Bondino F., 97
Bordini C., 88
Borgiet W., 48
Boulle O., 13
Bradari¢ 1., 41
Brataas A., 81
Briickl H., 64, 80
Bruno P., 50
Bucher B, 28
Bukowski Z., 35, 103
Butka B.R,, 5, 51, 83
Burian W., 110
Burzo E., 40, 86, 89, 93
Biittner H., 127
Canals B., 50
Caramico D’Auria A., 128
Carlotti G, 51
Castillo Alvarado F.L., 60
Castro C. Di, 6
Castro J., 61
Cencarikova H., 116, 117
Cernak J., 90, 94, 101
Chadov S., 11
Chajec W, 115
Chelkowska G., 106, 110, 111
Chhajlany R., 133
Chhajlany R.W., 119
Chmist J., 95
Chomic J., 101
Chubukov A.V., 33
Chudzinski P., 72
Cichorek T., 33, 40
Cichy K., 132
Ciechan A., 44
Cizmar E., 90, 94

143

Cizmas C.B., 93

Cros V., 13

Cuniberti G., 54

Cwik J., 104
Czapkiewicz M., 52
Czart W.R., 46
Czopnik A., 105
Dabrowski B., 7, 32, 68
Daghofer M., 42, 92
Deac 1.G., 40, 89
Debski L., 122
Dederichs P.H., 8
DeKieviet M., 56

Delft J. von, 54
DelyJ., 115,127
Demidov V.E., 15
Demokritov S.0., 15
Deniszczyk J., 48, 135
Derzhko O., 125, 127, 131
Derzhko V., 45

Dietl T., 9

Dijken S. Van, 52
Dluzewski P., 68
Dobrowolski W., 53
Domanski T., 36
Domuchowski W., 53
Dongen P.G.J. van, 38
Doroftei C., 99, 100
Dorr K., 10

Drechsler S.-L., 133
Drovosekov A.B., 79
Dubowik J., 62, 95, 96, 137
Dudas J., 59

Dugaev V.K., 39, 50, 59, 74
Durczewski K., 105
Dyakonov K., 113, 114
Dybko K., 53

Dziawa P., 53

Ebert H., 11

Eder R., 38, 134
Ehresmann A., 12, 57
Engel D., 57

Eremin 1., 33



Eriksson O., 139
Esposito F., 128

Faini G., 13

Falkowski M., 113
Farkasovsky P., 116, 117
Fassbender J., 58
Fechner B., 123
Fedorych O., 53

Feher A., 41, 90, 94, 101
Feiner L.F., 35
Ferchmin A.R., 79
Ferre J., 101

Fert A., 13,74

Fital., 34

Fjellvag H., 115
Flachbart K., 59, 107
Frackowiak J., 103, 135
Frederick N.A., 33
Freitas P., 58

Frésard R., 41, 49
Fruchart D., 115, 135
Gabani S., 59, 107
Gallagher B.L., 14
Gatteschi D., 128
Gegenwart P., 125
Gehring G.A., 85
George J.M., 13
Ghazali A., 55
Gieniusz R., 66
Giertowski P., 114
Gignoux D., 115
Gilewski A., 57
Giovannini L., 51
Gmitra M., 13, 74, 82
Goltsev A., 114
Gontarz R., 73

Goraus J., 108
Gorodetsky G., 58
Goscianska 1., 59, 75, 95, 96
Grechnev G., 139
Gritzner G., 95
Grollier J., 13

Grudka A., 133

Gruhn W., 63
Grzybowski P., 44, 119
Gubbiotti G., 51
Guevara J., 69
Gutowska M., 32
Gutowski M.W., 124
Guzan M., 59

Gwizdalta TM., 117
Haesendonck C. Van, 71
Hafermann H., 56
Hafner J., 101

Haglauer M., 128
Hamelin B., 85

Hamzic A., 13
Hashemifar J., 134
Henkie Z., 40

Hennion B., 98

Herchl F., 118

Herfort J., 88

Hernandes A.C., 66
Hillebrands B., 15, 58.
Horsch P., 16, 35, 129
Hortamani M., 134
Horvath D., 74

Hoser A., 102, 109
Idzikowski B., 102, 123
Imura K.-I., 53

Ivanov V., 113

Ivanov V.Yu., 37
Jadzyn J., 118

Jaffrés H., 13
Jani¢kovi¢ D., 86
Jankowska-Kisielinska J., 98
Jedryka E., 71
Jedrzejczak A., 133
Jedrzejewski J., 45
Jensen P., 50

Jezierski A., 96, 104, 136, 137,
138, 139

Jirak Z., 100

JunJ., 34

Kabychenkov A., 132
Kaczorowski D., 102
Kadomtseva A.M., 37
Kajnakova M., 101
Kakol Z., 36

Kamaras K., 93
Kamieniarz G., 119, 125, 128,
133

Kamilov K.I., 37

Kanak J., 64, 76, 80
Kaprzyk S., 115, 135
Kapusta Cz., 87, 97, 100
Karpinski J., 34
Katayama-Yoshida H., 8
Kavecansky V., 59
Kazakov S.M., 34

144

Kazmierczak J., 88
Kellner K., 95

Kelly P.J., 81

Khaliullin G, 35
Kharchenko M., 116
Kharchenko N.F., 121
Kharchenko Yu., 116
Khrustalyov V.M., 121
KimJ., 57

Kim Y.-S., 90

Kimball C., 68
Kisielewski M., 20

Kiss L.F., 91

Kletowski Z., 105

Klos I.W., 70

Knecht C., 38

Knizek K.,100
Koepernik K., 136
Kollar P., 96
Kotodziejezyk A., 36, 95
Komasinski M., 139
Komissarov 1., 68

Kon¢ M., 59, 95
Koneracka M., 118
Kénig J., 54
Konovalova E.S., 105
Kontrym-Sznajd G., 111
Kopcansky P., 118
Korecki J., 36

Kostylev M.P., 15
Kostyrko T., 5
Kostyrya S.A., 123
Kosubek E., 88

Kovac J., 64, 86, 91, 93, 96, 108
Kowalczyk A., 75, 103, 109,
110, 113

Kowalewski L., 37
Kowalewski M., 137
Kowalewski P., 138
Kowalik M., 75, 81
Kowalski W., 66, 67
Koztowski A., 36
Kratzer P., 134
Krawczyk M., 24, 128
Kreines N.M., 79
Kremer R.K., 17
Krenicky T., 86
Kreyssig A., 102
Krokhmalskii T., 125, 127, 131
Krompiewski S., 54, 72



Krop K., 87,95
Krychowski D., 68
Kuchar J., 90
Kudryavtsev Y.V., 62, 95, 96
Kujawa A., 132

Kunii S., 112

Kurant Z., 65
Kuzemsky A.L., 87
Kuzminski M., 91
Kwiecien M., 106, 111
Lacroix C., 50

Lee H., 90

Lee J.-B., 90

Lee Y.P., 62,95

Lehmann-Szweykowska A., 85,

99
Lemanski R., 124
Lenz K., 88
LévyJ.C.S., 24
Lewandowski S.J., 113, 114
Liedke M.O., 58
Linden W. von der, 42, 92
Lipinski S., 68
Lipowczan M., 48
Litak G., 49
Loewenhaupt M., 102
Logosha A., 139
Loison C., 133
Loosvelt H., 71
Lucinski T., 67, 69, 71, 72, 75
Lukacova M., 91
Fusakowska E., 53
M.B. Maple, 33
Maciag A., 38
Maekawa S., 18, 54
Maki K., 19
Makita K., 56
Maltsev V., 133
Maneikis A., 65
Manske D., 33
Marcin J., 86
Marcus J., 135
Markovich V., 34, 58
Martinek J., 54
Marton K., 118
Marysko M., 100
Maslankiewicz P., 110
Matas S., 108
Matteucci M., 97
Matysiak R., 125

Maziewski A., 20, 63, 65, 66
McCord J., 58

Meisel M.W., 94

Metzner W., 21
Michalecki T., 135
Michatek G., 83

Micnas R., 47, 85
Mietniowski P., 52
Miglierini M., 22

Mihalik M., 91, 105, 107, 108
Mihalik Mat., 107
Mikhaylov V., 113

Mikke K., 98
Mikotajczyk P., 124
Milyaev M.A., 79

Minar J., 11

Minikayev R., 68

Miron M., 40

Mitroova Z., 91, 93
Molinska A., 131
Montoncello F., 51
Morkowski J.A., 140
Morr D.K,, 33

Mota A.C., 33
Mucha-Kruczynski M., 84
Mukhin A.A., 37
Mukovskii Ya.M., 34
Miiller G., 131

Miiller K.-H., 102
Muntyanu F., 57

Musiat G., 121, 122
Mykolajchuk O., 92
Neamtu J., 62

Nedelko N., 88

Nemec N., 54

Nenkov K., 57, 58, 104
Neuber D., 42

Neuber D.R., 92

Niedoba H., 77

Nitzsche U., 136

Nizzoli F., 51

Norman M.R., 33

Oates C.J., 87, 97

Ochiai A., 125
Oksenenko V.A., 62
Okuno T., 51

Oles A.M., 35,41, 42, 43, 46,
49,92, 98

Orendac M., 90, 94, 101
Orendacova A., 90, 94, 101

145

Ormeci A., 133
Osinniy V., 53

Ostasz K., 73

Paderno Y., 105

Pal S., 103

Patasz T., 112
Palewski T., 104
Pankowski P., 65
Papageorgiou T., 101
Park J.-H., 94
Partoens B., 120
Paschen S., 35
Pashchenko A.V., 113
Paszkowicz W., 68
Pawlak A., 122, 123
Pawltowski G., 120
Peeters F.M., 120
Pelka J.B., 65

Petka R., 129

Penc B., 102, 104, 107
Pereiro M., 61

Perlov A., 11

Petroff F., 13
Piotrowski K., 113
Ploog K.H., 88
Pluznikov V., 105
Poilblanc D., 23
Polewko-Klim A., 73
Pollert E., 100
Ponpandian N., 50
Pop V., 86, 89, 93
Popa P.D., 99

Popov V., 114

Popov V.V, 123
Popov Yu.F., 37
Popova E., 71

Postava K., 66
Potoc¢nak 1., 90, 94, 118
Potzger K., 58

Pratt W.P., 13

Pristas G., 85, 112
Prokhorov A.S., 37
Przewoznik J., 87, 95
Przychodzen P., 129
Przystupski P., 68
Pugaczowa-Michalska M., 110
Puszkarski H., 24, 128
Puzniak R., 34
Raczkowski M., 41, 49
Radwanski R.J., 97, 130



Radzimirski B., 47
Rak R., 52

Ralph D.C., 54
Rassolov S.G., 123
Reiffers M., 85, 112
Reiss G., 64, 76, 80
Rezlescu E., 99, 100
Rezlescu N., 99, 100
Rhee J.Y ., 62
Richter J., 132
Richter M., 98, 136
Rickart M., 58

Riedi P.C., 87
Robaszkiewicz S., 45, 46
Rodrigues C.A., 88
Rogiers J., 121

Rogl P., 107
Romashev L.N., 79
Ropka Z., 97, 130
Rosciszewski K., 46
Rosner H., 133
Roth S., 96
Rudzinski W., 70
Ruiz-Bustos R., 97
Rusek P., 130
Rybicki D., 87, 100
Rycerz A., 55

S. Levy J.-C.S., 55
Sacramento P.D., 59
Samsel-Czekata M., 111
Santava E., 41, 85, 112
Sargolzaei M., 98
Sato K., 8

Saul A., 69

Savitsky V.N., 121
Sawicki M., 68
Schebaum O., 64
Scheffler M., 134
Scherz A., 50
Schmidt M., 69
Schoén G., 54
Schonherr H.-P., 88
Sebek J., 41, 85, 112
Serha A.A., 15
Shindou R., 53
Shiryaev S.V., 89
Shitsevalova N., 105
Shtaba V., 113
Sidowski M., 45
Sieklucka B., 129

Sikora M., 87, 97

Sikora O., 42

Simon Ch., 103

Skoczen L., 108
Skorvanek L., 64, 86
Slavin AN, 15
Slawska-Waniewska A., 88
Slebarski A., 32, 108, 137
Smardz K., 76, 77

Smardz L., 75, 76, 77
Smits C.J.P., 53

Sobanek B., 87, 97

Sotyga M., 105

Sondén T., 69

Sorg C., 50

Sovak P., 95

Spatek J., 25, 55

Spiridis N., 36

Spisak D., 101

Staniucha 1., 60
Stankowski J., 39
Stefanowicz W., 63
Stefanski P., 5, 51

Steglich F., 26, 33, 35, 40
Stepien-Damm J., 103
Sterkowicz B., 106
Stobiecki F., 57, 69, 71, 78
Stobiecki T., 52, 52, 64, 76, 80
Stolze J., 131

Story T., 53

Stupakiewicz A., 65, 66
Stysiak D., 48

Sutkowski C., 103

Svec P., 86

Svechkarev 1.V., 139
Svoboda P., 108

Swagten H.J.M., 53
Swirkowicz R., 70, 77, 78
Szade J., 110

Szajek A., 113, 140, 141
Szamer A., 99

Szewczyk A., 32, 113
Szlaferek A., 75, 103, 109
Szmaja W., 56

Sznajd J., 27

Szot K., 32

Szukowski G., 133
Szymanski B., 57, 69, 71, 78
Szymczak H., 89, 113, 114, 133
Szymczak R., 89, 116

146

Szytuta A., 102, 104, 107, 138
Tagliacozzo A., 51
Taillefumier M., 50
Taliashvili B., 53
Tarnawski Z., 95
Tekielak M., 65

Temst K., 71

Tetean R., 86, 89, 93
Tetean R.V., 40

Thiele C., 10

Tibenska K., 94

Timko M., 118

Tkatch V.I., 123
Tobijaszewska B., 47
TobotaJ., 115., 135
Tolea M., 83

Tolinski T., 75, 103, 109, 110
Tomala K., 129
Tomanek B., 112
TomasSovicova N., 117
Tomco L., 118

Tomczak P., 79, 131, 132, 133
Tomecka D.M., 119, 120
Tran V.H., 35

Travkin V.D., 37
Travnéek Z., 94

Tro¢ R., 35, 103, 107
Trocha P., 82

Trybuta Z., 75

Tsarev A., 68
Tserkovnyak Y., 81
Turek K., 112

UbalL., 72,73

Uba S., 72, 73

Ulner J., 105

Urbaniak M., 57, 69, 78
Urbaniak-Kucharczyk A., 60
Ustinov V.V., 79
Varyukhin V.N., 113
Vavra M., 90, 94
Verkholyak T., 127
Veverka P., 100

Vieira V.R., 59

Vlaic P., 140

Vlakhov E., 58

Vicek A., 101

Volmer M., 62

Vorobev G.P., 37
Wachter P., 28

Wagner R., 139



Walczak A., 101 Zentko A., 91, 93, 108

Wandziuk P., 67, 71, 72 Zentkova M., 91, 93, 108
Warchulska J., 57 Zhang W., 136

Warda K., 61 Zieba A., 115
Wasiutynski T., 129 Zotadz M., 52

Wawro A., 65, 66 Zorkovska A., 41, 94
Wawryk R., 40 Zubov E., 113
Wawrzyniak M., 74, 82 Zukrowski J., 87, 95, 97
Wawrzynska E., 104, 107 Zweck J., 71

Weinberger P., 101 Zwierzycki M., 81
Wende H., 50 Zygmunt A., 104

Werwinski M., 141
Weymann 1., 13, 74, 80
Wiatrowski G., 61
Wiendlocha B., 115, 135
Wiesendanger R., 29
Wigen P.E., 85, 99
Wilczynski M., 70, 77, 78
Winiarski A., 107
Winter H., 134
Wisniewska J., 75, 81
Wisniewski A., 34
Wisniowski P., 80
Wohlfeld K., 43
Wojakowski A., 40
Wojciechowski R.J., 37,47, 85
Wojcik A., 133

Wojcik M., 71

Wojcik W, 25
Wojtczak L., 61
Wojtkiewicz J., 122
Wojtus P., 37

Wrébel P., 38

Wrona J., 76

WuH., 134

Wysokinski K.1., 44
Yakhkind E., 114
Yaresko A.N., 72
Yatsyshyn B., 92

Yu S.-C., 90

Yuasa S., 30

Yuhasz W.M., 33
Yuzhelevskii Y., 58

Z. Sniadecki, 102
Zablotskii V., 20, 63, 65
Zabloudil J., 101

Zach R., 115

Zajac D., 87,97

Zalecki R., 36

Zaleski A., 57

147



148



Scientific Network
»New materials for magnetoelectronics - MAG-EL-MAT”:
subjects, tasks and the people

The recent progress and development of spin electronics has emphasised the need for
the bringing together the leading domestic research groups operating in the similar scientific
network for the exchange and dissemination of the latest accomplishments and achievements
in the field in order to enable adequate and efficient scientific know-how exchange. The
Scientific Network “New materials for magnetoelectronics - MAG-EL-MAT” established in
the first months of 2003 received financial support from the State Committee for Scientific
Research (KBN). The key objective of the Network is to focus on the theoretical and
experimental search for modern magnetic materials and to provide explanation of some
related physical phenomena.

The main tasks of MAG-EL-MAT include studies into the electronic and magnetic prop-
erties of a vast class of nanoscopic materials, such as thin films, multilayers, composites,
molecular systems (including carbon nanotubes) and quantum dots. Particular attention is
given to the magnetic phenomena in micro-junctions which contain ferromagnetic additions,
or which are placed in a magnetic field. Among others, the studies cover GMR (giant
magnetoresistance), TMR (tunnel magnetoresistance), spin accumulation, spin injection and
current-induced switching of magnetization. The underlying physical mechanisms responsible
for those phenomena are related to the electronic band structure of the components forming the
microjunction, electron-electron interactions (Coulomb blockade, Kondo effect), and
interactions of electrons with elementary excitations (e.g. spin waves, phonons efc.). The
research activity is also oriented towards the magnetic and nanostructured materials for the
applications in novel electronics. Efforts are being made towards the building of a scientific
capacity of the Network, which is to serve as a potential research partner for the leading re-

search groups.
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Investigations are currently being carried out by 49 research groups (about 300
members), and are particularly focused on the use of the spin degree of freedom as well as the
electric charge of the electrons. This is of great importance because of the cognitive purpose of
the research as well as from the practical point of view as the conventional silicon-based
electronics is now facing barriers of fundamental nature, which hinder further miniaturisation.

A wide range of topics in the following areas are in the current interests of the
MAG-EL-MAT members:

(1) Magnetic thin films and layered metallic structures. The GMR is attractive owing to
its application ability as a magnetic field sensor and a recording head. The present aim is to
obtain layered structures exhibiting large GMR values accompanied by low magnetic satura-
tion or switching fields. The issues include the influence of sublayer topology, morphology
and thermal treatment on the amplitude and the field sensitivity of the GMR effect. One of the
goals is the understanding of the magnetic behaviour and spin dependent electronic transport in
thin films and multilayers which, being nanopattern elements, are capable of serving as mag-
netic sensors, M-RAMs (Magnetic Random Access Memory) and magnetic recording devices
(e.g. heads, HDD-discs and magneooptical discs). Magnetic heterostructures show a relation-
ship between the microstructure and the magnetic properties, including low-dimensional mag-
netic nanostructures. Hence, complex studies of artificial nanostructures such as magnetic
heterostructures (granular films or layered granular structures), soft magnetic nanocrystalline
multilayers, low-dimensional magnetic nanostructures (emphasizing the relationship between
microstructure and magnetic properties) are being conduced.

(i1) Surface effects in novel magnetic materials. Keen interest is given to ,,photonic crys-
tals”. These are periodic structures composed of two types of transparent dielectric materials
forming a ,,macrocrystal”, with lattice constant ranging from 0.1 um to 1 cm, showing a
,photonic” energy gap, in which light propagation is forbidden. The promising prospects in
this field allow taking up a theoretical research of systems analogue to the photonic structures,
but composed of magnetic materials - the ,,magnonic crystals”. They, too, can be expected to
find applications.

(ii1) Magnetic nanostructures. They involve electric and magnetic mesoscopic systems

of peculiar geometry, e.g. carbon nanotubes, ring-shaped systems as well as single and coupled
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quantum dots. Some of them have already found applications (flat displays, portable field-
effect based Roentgen apparatus, current rectifiers, chemical and magnetic-field sensors, single
electron transistor etc.). In particular, issues of the electron transport through nanostructures,
depending on their internal structure, the type of electrodes used and the interface conditions,
are being dealt with. In the case of ferromagnetic electrodes, special attention is put on the
GMR and spin polarization of the electrical current. Other issues studied involve the response
of the nanostructures to the external magnetic field, the proximity effects in nano-
structure/superconductor systems, and the influence of the structural disorder, the spin-orbit
interaction and the electron spin relaxation on the electron transport.

(iv) Electron and hole transport in the doped transition metal oxides. Recent
experiments have shown a sharp drop of anisotropic magnetoresistance in calcium-doped
yttrium-iron garnet thin films. An explanation is proposed concerning the spin dependent
charge transfer in the yttrium-iron garnets doped with valence-uncompensated ions. The
influence of the external magnetic field, both on the superexchange coupling between the spins
attached to the orbital ground eigen-states of the iron-oxygen clusters as well as on the spin-
conditioned charge transfer between those of a different and the same symmetry, are analyzed.

(v) First principles computations. Investigations of physical properties of solids are car-
ried out by ab initio methods. In particular, the spin-polarized LMTO method is used to cal-
culate the band structures, partial densities of states, spin and orbital magnetic moments, total
energy, and the optical and magneto-optical properties. It is possible to find anisotropy of spin-
and orbital-moments as well as the magnetocrystalline anisotropy. Extended advanced calcula-
tions of complex systems (up to 100 atoms per unit cell) with the use of supercell technique
enable one to model the microstructure of the interface layers and of the short and long range
chemical disorder of the alloys.

(vi) Intermetallic compounds and 4f- and 5f- metal based alloys. The current interest is
the electronic structure and magnetic properties of strongly correlated electron systems which
exhibit Kondo-lattice, heavy-fermions, non-Fermi liquid and unconventional superconductiv-
ity, as well as giant magnetocrystalline anisotropy efc. Currently, efforts are being made to find
the mechanism behind these abnormal phenomena and the prospective applications of the

compounds and alloys studied. For instance, thermoelectric materials can be used for power
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generation or refrigeration using the direct conversion of heat and electricity. The determina-
tion of magnetic properties (including their magnetic structure) and the electronic structure of
ternary rare-earth based compounds enables one to find correlations between the electronic and
magnetic structures.

Several new activities and contacts established via the MAG-EL-MAT Network are al-
ready functional, ranging from bilateral contacts and preparations of joint research projects to
larger scale programmes, conducted predominantly within the framework of the European
scientific agencies.

Bogdan Idzikowski
Coordinator of MAG-EL-MAT
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