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Scientific Report

Spintronics, magnetoelectronics and magnetism continuesto be very creative, innovative and active
research themes in condensed matter physics. The Hall effects, the concept of topological matter, the
Dzyaloshinskii-Moriya interaction in inversion symmetrybroken solids, the magnetoelectric coupling,
the spin-transfer torque, magnetic susceptibilities, multiferroicity at oxide interfaces and heterostruc-
tures are issues which emerged during the past 5 years and represent vital scientific issues of broad
scientific and technological interest. These fields are progressing very fast and continue branching into
increasingly wider areas of condensed matter: these include the strongly correlated electron systems,
multiferroic oxides and oxide junctions, oxides and semiconductors in terms of diluted magnetic semi-
conductors, to organic and inorganic molecules in terms of molecular magnets, and carbon nanotubes
in the field of nano-spintronics or even to ferroelectric materials in terms of multiferroics. Moreover,
it is widely recognized that first-principles calculationson magnetic materials can give important clues
to understanding properties and behavior of different materials and can have a remarkable impact both
from the basic as well as from the technological point of view.

However, within the rich and vivid field of magnetism, there are few opportunities to discuss−
within the ab-initio community− issues such as accuracy and limits of density functional theory for
novel magnetic materials, methods development, specific computational issues, etc. This motivated in
2006 the working groups Magnetoelectronics and Complex Magnetism of the Psi-k Network to organize
within the next years a regular series of conferences and workshops, which will be integrated within the
new cooperation between Psi-k and CECAM (Centre European deCalcule Atomique et Moleculaire).
Every second year it is planned to have a conference with maximum 60 participants on a broader scope
of content and every other year we think of a more focused Psi-k/CECAM-workshop (or two of them).
In 2008, O. Eriksson, I. Mertig, and P. Zahn organized the CCMS08 in Dresden. The current workshop
was in the line of such meetings.

In the workshop ”Computational Magnetism and Spintronics 2010” we tried to bring together leading
experts in first-principles description of magnetic properties, spin excitations, spin-orbit interaction, spin
dynamics and spin-dependent transport in solids and nanostructures. This year we focussed on (i) recent
developments in spin-orbit related phenomena due to symmetry breaking on surfaces and interfaces,
skyrmion lattice, Dzyaloshinkskii-Moriya interaction (G. Bihlmayer), (ii) spin-orbit interaction-driven
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transport properties such as anisotropic magnetoresistance, anomalous Hall and spin Hall effects (I.
Turek, H. Ebert, F. Freimuth), (iii) spin-relaxation and spin-torque (M. Stiles, Z. Yuan, A. Starikov),
(iv) magnetoelectric coupling (C. Ederer, A. Ernst), (v) spin-dependent transport (A. Smogunov, S.
Khmelevskyi, C. Heiliger), (vi) developments beyond LDA (P. Rinke, L. Nordström, M. Schlipf), (vii)
multiferroics, oxides, oxide interfaces (M. Stengel, R. Pentcheva, S. Picozzi, I. Popov), (viii) spin dy-
namics and spin excitations (A. Schindlmayr, L. Sandratskii, L. Nordström, M. Katsnelson, R. Muniz,
A. Pertsova), (ix) electron paramagnetic resonance (U. Gerstmann). Each presentation of the workshop
was followed by intensive discussions among the participants of the workshop. The general scientific
atmosphere of the discussions and the workshop in general was open and creative.

Program

Monday, May 10th 2010

9:00−9:20 Stefan Blügel: Welcome
9:20−10:00 Gustav Bihlmayer: ”Two-dimensionally modulated spin-structures at surfaces”
10:00−10:40 Silvia Picozzi: ”Electronic magnetic ferroelectrics: modelling and understand-
ing”
10:40−11:00 Coffee break
11:10−11:50 Claude Ederer: ”Different ways to couple magnetism and electric polarization in
multiferroic materials”
11:50−12:30 Patrick Rinke: ”Approaching unity: the advanced DFT functionals exact-exchange
and RPA meet quasiparticle energy calculations”
12:30−14:30 Lunch break
14:30−15:10 Lars Nordström: ”Polarizations of transition metals: the role of higher multipoles
- hidden orders and complex magnetism”
15:10−15:30 Igor Popov: ”Multiferroicity of magnetism hexaboride”
15:30−16:00 Martin Schlipf: ”Hybrid Functionals within the All-Electron FLAPW Method:
Implementation and Applications”
16:00−16:30 Coffee break
16:30−17:10 Mikhail Katsnelson: ”Towardsab initio spin dynamics”
17:10−17:50 Lars Nordström: ”Atomistic spin dynamics: recent progress”
18:00−22:00 Poster session

Tuesday, May 11th 2010

9:00−9:40 Hubert Ebert: ”Ab initio investigation of the Spin HallEffect for non-magnetic al-
loys”
9:40−10:20 Ilja Turek: ”Anisotropic magnetoresistance and anomalous Hall effect in random
ferromagnetic alloys”
10:20−10:40 Frank Freimuth: ”Orientational dependence of the spin-Hall conductivity: toy
models and first-principles calculation”
10:40−11:10 Coffee break
11:10−11:50 Arthur Ernst: ”Magneto-electric coupling in thin films”
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11:50−12:30 Rossitza Pentcheva: ”Tayloring Electronic States atOxide Surfaces and Inter-
faces”
12:30−12:50 Hubert Ebert: ”Orbital-dependent functionals within the KKR-multiple scattering
formalism - an implementation of exact exchange”
12:50−14:30 Lunch break
14:30−15:10 Sergii Khmelevskyi: ”Spin-orbit coupling induced anisotropy effects and ex-
change interactions in Mn-based bimetallic antiferromagnets”
15:10−15:50 Alexander Smogunov: ”Locally magnetic nanostructures: interplay between mag-
netism and electron transport”
15:50−16:10 Christian Heiliger: ”Calculations of spin dependenttransport in MnAs”
16:10−16:40 Coffee break
16:40−17:20 Roberto Muniz: ”Spin dynamics in magnetic metallic nanostructures”
17:20−18:00 Leonid Sandratskii: ”Non-adiabatic spin-dynamics of complex magnetic sys-
tems”
18:00−18:20 Anna Pertsova: ”Dynamics of localized spin impurities in one-dimensional wires”
19:00−22:00 Conference dinner

Wednesday, May 12th 2010

9:00−9:40 Arno Schindlmayr: ”Spin excitations in itinerant ferromagnets from first principles”
09:40−10:20 Mark Stiles: ”Calculation of spin-orbit induced relaxation in transition metal fer-
romagnets”
10:20−10:40 Anton Starikov: ”A first-principles study of the resistivity, Gilbert damping and
spin-flip diffusion in Ni1−xFex substitutional alloys”
10:40−11:10 Coffee break
11:10−11:30 Zhe Yuan: ”Non-adiabatic spin torque in magnetic domain walls from first prin-
ciples”
11:30−12:10 Massimiliano Stengel: ”Proper treatment of the macroscopic variables in multi-
ferroic systems”
12:10−12:50 Uwe Gerstmann: ”Magnetic properties of surface and interface states investigated
via ab initio g-tensor calculations”
12:50 - 14:30 Lunch Break

List of participants

Mikhail Katsnelson (Radboud University Nijmengen, The Netherlands)
Leonid Sandratskii (Max-Planck-Institut für Mikrostrukturphysik, Halle, Germany)
Claude Ederer (School of Physics, Trinity College, Dublin,Ireland)
Roberto Muniz (Universidade Federal Fluminense, Niteroi,Brazil)
Lars Nordström (Department of Physics, Uppsala University, Sweden)
Arthur Ernst (Max-Planck-Institut für Mikrostrukturphysik, Halle, Germany)
Ilja Turek (Institute of Physics of Materials, ASCR, Brno, Czech Republic)

3



Sergii Khmelevskii (Vienna University for Technology, Vienna, Austria)
Uwe Gerstmann (Department Physik, Universität Paderborn, Germany)
Arno Schindlmayr (Department Physik, Universität Paderborn, Germany)
Patrick Rinke (Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany)
Hubert Ebert (Ludwig-Maximilians-Universität München, Germany)
Rossitza Pentcheva (Ludwig-Maximilians-Universität M¨unchen, Germany)
Silvia Picozzi (CNR-INFM, L’Aquila, Italy)
Massimiliano Stengel (ICMAB-CSIC, Barcelona, Spain)
Mark Stiles (Center for Nanoscale Science and Technology, Gaithersburg, USA)
Chandrima Mitra (Max-Planck-Institut fur Eisenforschung, Düsseldorf, Germany)
Paolo Ferriani (University of Kiel, Germany)
Peter Dederichs (Forschungszentrum Jülich, Germany)
Nicolae Atodiresei (Forschungszentrum Jülich, Germany)
Marjana Lezaic (Forschungszentrum Jülich, Germany)
Phivos Mavropoulos (Forschungszentrum Jülich, Germany)
Yuriy Mokrousov (Forschungszentrum Jülich, Germany)
Stefan Blügel (Forschungszentrum Jülich, Germany)
Alexander Shick (Institute of Physics, ASCR, Prague, CzechRepublic)
Manuel dos Santos Dias (Department of Physics, University of Warwick, UK)
Anna Pertsova (Department of Physics, Trinity College, Dublin, Ireland)
Michael Czerner (Justus-Liebig-Universität Giessen, Germany)
Christian Heiliger (Justus-Liebig-Universität Giessen, Germany)
Paul Kelly (University of Twente, Enschende, The Netherlands)
Hongbin Zhang (Forschungszentrum Jülich, Germany)
Frank Freimuth (Forschungszentrum Jülich, Germany)
Anton Starikov (University of Twente, Enschende, The Netherlands)
Igor Popov (University of Twente, Enschende, The Netherlands)
Zhe Yuan (University of Twente, Enschende, The Netherlands)
Yi Liu (University of Twente, Enschende, The Netherlands)
Dmitry Fedorov (Martin-Luther-Universität Halle-Wittenberg, Germany)
Gustav Bihlmayer (Forschungszentrum Jülich, Germany)
Antonio Costa (University of California at Irvine, USA)
Alexandr Smogunov (CEA Saclay, France)
Parwana Habibi (CEA Saclay, France)
Pengxiang Xu (Forschungszentrum Jülich, Germany)
Daniel Wortmann (Forschungszentrum Jülich, Germany)
Timo Schena (Forschungszentrum Jülich, Germany)
David Bauer (Forschungszentrum Jülich, Germany)
Kourosh Rahmanizadeh (Forschungszentrum Jülich, Germany)
Konstantin Rushchanskii (Forschungszentrum Jülich, Germany)
Ivetta Slipukhina (Forschungszentrum Jülich, Germany)
Adam Jakobsson (Forschungszentrum Jülich, Germany)
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S. Hasan Sadat Nabi (Ludwig-Maximilians-Universität München, Germany)
Karel Carva (Charles University in Prague, Czech Republic)
Mousumi Upadhyay Kahaly (CEA Saclay, Paris)
Peter Entel (Universität Duisburg-Essen, Germany)
Martin Schlipf (Forschungszentrum Jülich, Germany)
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Two-dimensionally modulated spin-structures at surfaces

G. Bihlmayer

Institut für Festk̈orperforschung & Institute for Advanced Simulation

Forschungszentrum Jülich, 52425 J̈ulich, Germany

Email: G.Bihlmayer@fz-juelich.de

Prototypical magnetic structures at surfaces are spiral spin-density waves (SSDWs) or collinear

structures which can be regarded as special SSWDs. The formation of SSDWs can be driven

e.g. by magnetic frustration [1] or the Dzyaloshinskii-Moriya (DM) interaction [2]. Higher

order magnetic interactions, like the four-spin interaction, can couple spin-spirals to form two-

dimensionally modulated structures in special cases [3]. In combination with a strong DM term,

unique magnetic structures – so called Skyrmions – can form in ultrathin films on heavy sub-

strates. The special topology of these structures can enhance the stability of otherwise fragile

magnetic structures, as can be observed for a monolayer of iron on an Ir(111) substrate [4].

Density functional theory calculations show that the strengths of the different magnetic inter-

actions (Heisenberg-type exchange, DM- and four-spin interaction, magnetic anisotropy) are in

the right range to allow for a nanoskyrmion lattice as a ground state. This complex magnetic

structure is also observed experimentally by scanning tunneling microscopy in spin-polarised

mode and spin-orbit contrast [5].

[1] B. Hardrat, A. Al-Zubi, P. Ferriani et al., Phys. Rev. B79, 094411 (2009).

[2] M. Bode, M. Heide, K. von Bergmann et al., Nature447, 190 (2007).

[3] Ph. Kurz, G. Bihlmayer, K. Hirai, and S. Blügel, Phys. Rev. Lett.86, 1106 (2001).

[4] S. Heinze, K. von Bergmann, M. Menzel, A. Kubetzka, R. Wiesendanger,

G. Bihlmayer and S. Blügel (submitted).

[5] M. Bode, S. Heinze, A. Kubetzka et al., Phys. Rev. Lett.89, 237025 (2002).



CALCULATIONS OF SPIN DEPENDENT TRANSPORT IN MnAs 

 

M. Czerner and C. Heiliger 

I. Physikalisches Institut, Justus Liebig University 

Giessen, Germany 

Email:michael.czerner@physik.uni-giessen.de  

 

Magnetic MnAs nanoclusters can be grown on a GaAs substrate in a controlled manner [1]. 

Such structures can be used to construct planar magnetic devices for spintronic applications. 

We perform ab initio calculations by means of the non-equilibrium Keldysh formalism 

implemented in the Korringa-Kohn-Rostoker Green’s function method [2]. We study the spin-

dependent transport of MnAs in the hexagonal NiAs structure along different crystallographic 

directions. Furthermore we discuss in detail the transport through interfaces formed by two 

MnAs clusters with different magnetic domains. We found a very large magnetoresistance 

ratio above 200% while the spin polarization is low, which is originated by the different 

Fermi surface topologies of the two spin channels. 

 

 

[1] S. Ito, S. Hara, T. Wakatsuki and T. Fukui, Appl. Phys. Lett. 94, 243117 (2009) 

[2] C. Heiliger, M. Czerner, B. Yu. Yavorsky, I. Mertig, M. D. Stiles, J. Appl. Phys. 103, 

07A709 (2008) 



Ab initio investigation of the Spin Hall Effect

for non-magnetic alloys

H. Ebert, S. Lowitzer and D. K̈odderitzsch

Department Chemie, Physikalische Chemie, Universität München

Butenandstr. 5-13, 81377 M̈unchen, Germany

Email: Hubert.Ebert@cup.uni-muenchen.de

Spin-orbit coupling is responsible for several interesting phenomena like e.g. the anomalous

Hall effect (AHE) in magnetic materials. The AHE results from the interaction between spin-

orbit coupling and the spin polarization. In comparison to the AHE the spin Hall effect (SHE)

needs no spin polarization and is therefore even present in non-magnetic systems. This was

shown by several experimental works e.g. [1,2]. During the last years several publications

have appeared which studied the spin Hall effect for pure systems viaab initio [3,4] or model

calculations [5]. However, up to now no publication is available in which the SHE is calculated

for alloy systems on anab initio level. To calculate the SHE we have implemented the Kubo-

Sťreda equation in our fully relativistic SPR-KKR package. TheKubo-Sťreda equation gives

access to the full anti-symmetric conductivity tensor whatis necessary for the calculation of

the SHE. The disorder is treated via the coherent potential approximation (CPA). We show first

results for several non-magnetic 3d and 4d transition metal alloys.

[1] S. O. Valenzuela and M. Tinkham, Nature442, 176 (2006)

[2] T. Kimura, et al. , Phys. Rev. Lett.98, 156601 (2007)

[3] Y. Yao and Z. Fang, Phys. Rev. Lett.95, 156601 (2005)

[4] G. Y. Guo, S. Murakami, T.-W. Chen and N. Nagaosa, Phys. Rev.Lett. 100, 096401 (2008)

[5] T. Tanaka, et al. Phys. Rev. B77, 165117 (2008)
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Magneto-electric coupling in thin films

Arthur Ernst

Max-Planck-Institut f̈ur Mikrostrukturphysik

06120 Halle, Germany

Email: aernst@mpi-halle.de

In my talk I shall discuss several aspects of magneto-electric coupling in thin films. In these

systems, the presence of a surface can change structural, electronic and magnetic properties of

composite materials thereby modifying significantly magneto-electric coupling in addition to

interface effects. In the first part of my talk I shall presentour first-principles calculations of

ultrathin Fe films deposited on TiO2-terminated (001) surfaces of BaTiO3 perovskite, which

exhibit an unexpected change in their magnetic structure with increasing Fe-film thickness.

Furthermore, I’ll demonstrate how these properties can be manipulated by alloying the Fe films

with other 3d transition metals. In the second part of my talk, I’ll discuss magneto-electric cou-

pling in pure metallic systems. In metals an external electric field is screened up on the surface

by free electric charges. Nevertheless, the electric field can strongly interact with the induced

surface charge. Under an applied electric field this inducedsurface charge can experience strong

vertical displacements according to the sign of the appliedfield. In its turn, the screening charge

exerts forces on the atomic nuclei, which cause relaxationsof their positions in vicinity of the

surface. In magnetic systems these processes can lead to alteration of the magnetic ordering.

I’ll discuss these effects on example of two atomic layers ofFe grown on Cu(111), studied with

a first-principles approach and scanning tunneling microscopy experiments.



Orientational dependence of the spin-Hall conductivity:

Toy models and first-principles calculations
Frank Freimuth, Yuriy Mokrousov and Stefan Blügel

Institute for Advanced Simulation and Institut für Festk̈orperforschung

Forschungszentrum Jülich and JARA

Email: f.freimuth@fz-juelich.de

The spin-Hall effect (SHE) and the anomalous Hall effect (AHE) have the same origin: The

spin-orbit interaction gives rise to a spin-dependent force on the electrons. In the case of the

AHE it is known [1] that the associated conductivity is dependent on the magnetization di-

rection. Based on first-principles calculations we predictthat the SHE exhibits a similar ori-

entational dependence in non-cubic geometries. However, in contrast to the AHE, this effect

is of purely geometrical origin. Our calculations were performed using the full-potential lin-

earized augmented-plane-wave (FLAPW) methodFLEUR (www.flapw.de) and maximally lo-

calized Wannier functions [2] as an efficient basis set. For asimple three-band model we inves-

tigate how the anisotropy of the conductivity is related to hoppings and the spin-orbit coupling

matrix.

References

[1] Eric Roman, Yuriy Mokrousov, and Ivo SouzaOrientation Dependence of the Intrinsic

Anomalous Hall Effect in hcp Cobalt, Physical Review Letters,103, 097203 (2009)

[2] F. Freimuth, Y. Mokrousov, D. Wortmann, S. Heinze and S. Blügel, Maximally localized

Wannier functions within the FLAPW formalism, Physical Review B,78,035120 (2008),

I. Souza, N. Marzari, and D. VanderbiltMaximally localized Wannier functions for entan-

gled energy bands, Physical Review B,65, 035109 (2001)
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Towards ab initio spin dynamics 

 

Mikhail I. Katsnelson 

Radboud University Nijmegen 

Institute for Molecules and Materials 

Email:M.Katsnelson@science.ru.nl  

 

I review basic approaches which can be used to deal with spin dynamics and related 

properties in completely ab initio way. First, a general expression for the dynamic 

susceptibility in the framework of time-dependent density functional is discussed, as well as 

its simplifications in adiabatic and local density approximations. Several ways to derive first-

principle exchange parameters are presented and compared, both within the density functional 

and beyond (LDA+U, LDA+DMFT). Applications to magnetic transition metals and 

molecular magnets are chosen as examples of the general scheme. An ab initio approach to 

calculate relativistic magnetic interactions, in particular, Dzialoshinski – Moriya parameters, 

is considered.  

 



SPIN-ORBIT COUPLING INDUCED ANISOTROPY EFFECTS AND 

EXCAHNGE INTERACTIONS IN Mn-BASED BIMETALLIC 

ANTIFERROMAGNETS. 

 

S. Khmelevskyi1, A. B. Shcik2, O. Mryasov3, T. Jungwirth4 and P.Mohn1

1 Center for Computational Materials Science, Vienna University for Technology, 

Gusshausstrasse 25a, Makkartvilla, 1060 Vienna, Austria,  

Email:sk@cms.tuwien.ac.at 

2 Institute of Physics ASCR, v.v.i., Na Slovance 2, 182 21 Praha 8, Czech Republic 

3 MINT, University of Alabama, Tuscaloosa, AL 35487, USA 

4 Institute of Physics ASCR, v.v.i., Cukrovarnicka 10, 162 53 Praha 6, Czech Republic 
 

 

The magnetic anisotropy and exchange interactions in 3d-5(4)d Mn-based AFM’s are studied 

in the framework of the density functional theory. The magnetic force theorem and the torque 

method are used to obtain the atom-resolved contributions to the MAE. For MnX 

(X=Pt,Pd,Rh) we found a competition between Mn- and 5(4)-d-element contributions into the 

MAE. The MAE is substantially enhanced in MnIr, where the Ir-atom contribution dominates 

over a weak Mn-atom MAE. The Neel temperatures have been calculated using Monte-Carlo 

method and essential differences in the exchange interactions in AF ground state and DLM 

state are found. The large strain dependent anisotropy in DOS in MnIr and Mn2Au is 

identified. We propose the new concept of using these materials in spintronics applications. 
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SPIN DYNAMICS IN MAGNETIC METALLIC NANOSTRUCTURES 
 

R. B. Muniz(a), A. T. Costa(a,b), S. Lounis(b), and D. L. Mills(b)  

 
(a)Instituto de Física, Universidade Federal de Fluminense, Niterói, 24210-340, Rio de 

Janeiro, Brazil 
 (b)Department of Physics and Astronomy, University of California, Irvine, California, 

U. S. A. 92697 

Email:bechara@if.uff.br  
 

Theoretical studies on spin dynamics in magnetic metallic nanostructures are presented.  The 

nature and characteristics of the spin-wave excitations in ultrathin ferromagnetic films 

adsorbed on semi-infinite non-magnetic metallic substrates are investigated. The spin wave 

spectra, including their dispersion relations and linewidths, are calculated throughout the 

surface Brillouin zone, for various films with different thicknesses, and substrate 

combinations. Our results are compared with experimental Spin Polarized Electron Energy 

Loss Spectroscopy (SPEELS) data, and also with theoretical predictions based on the 

adiabatic description of spin motions.  We show that the description of spin waves based on 

the adiabatic approximation breaks down qualitatively in all the systems we have studied, 

because it overlooks Landau damping, which is appreciable at shorter wavelengths. Our 

dynamical theory produces a single very broad feature in the spectral density at large wave 

vectors, in very good agreement with what is observed in SPEELS experiments. Results for 

Fe monolayer and bilayer over W(110) surface are examined, and the importance of the 

substrate to the electronic structure and to spin-wave spectra is discussed. We conclude by 

exploring effects of the spin-orbit coupling on the spin-wave excitations. 

 

 
 



Po
la

ri
za

tio
ns

of
tr

an
si

tio
n

m
et

al
s:

th
e

ro
le

of
hi

gh
er

m
ul

tip
ol

es
–

hi
dd

en
or

de
rs

an
d

co
m

pl
ex

m
ag

ne
tis

m
.

L
ar

s
N

or
ds

tr
öm

,F
ra

nc
es

co
C

ri
cc

hi
o

an
d

O
sc

ar
G

rå
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ELECTRONIC MAGNETIC FERROELECTRICS:  

MODELLING AND UNDERSTANDING  
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Consiglio Nazionale delle Ricerche – Istituto Nazionale per la Fisica della Materia  

(CNR-INFM), 67100 L’Aquila, Italy 

Email: silvia.picozzi@aquila.infn.it 
  

The coexistence of long-range dipolar and magnetic orders occurs in the so-called 

multiferroics, one the most interesting examples of multifunctional compounds in modern 

materials science. In particular, electronic magnetic ferroelectrics, i.e. complex magnetic 

oxides in which ferroelectricity is driven by non-centrosymmetric spin- or charge- or orbital-

arrangements, have recently attracted great interests. By means of density functional studies, 

we will focus on the existence and efficiency of different mechanisms for multiferroicity, 

based on the interplay between electronic and structural degrees of freedom.[1] 

In closer detail, we will present cases in which a magnetically-induced electric 

polarization is driven by symmetric (Heisenberg-like) exchange interactions, at variance with 

well-known examples (such as spiral-like TbMnO3), in which the polarization is induced by 

antisymmetric (Dzyaloshinskii-Moriya-like) exchange. Examples include orthomanganites, 

nickelates (LuNiO3, HoNiO3), sulfides (such as Cu2MnSnS4) and orthoferrites. 

The second part of our presentation will be devoted to the possibility of achieving 

ferroelectricity induced by a non-centrosymmetric charge-order. For example, ferrimagnetic 

Fe3O4 below the Verwey transition shows an electric polarization of few µC/cm2, induced by 

a charge-ordered pattern of Fe2+/Fe3+ on the Fe B sites of the inverse spinel structure.  

Finally, we will present promising avenues towards other examples where charge-

ordering or spin-ordering or a combination of both spin-and-charge-ordering driven 

ferroelectricity can occur, in terms of novel materials, unconventional mechanisms and 

related efficiency. 

 
[1] For further info, please see http://www.casti.aquila.infn.it/homepages/bismuth/index.html 
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Non-adiabatic spin-dynamics of complex magnetic systems
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We report parameter-free calculation of the transversal dynamic susceptibility in a number of

complex magnetic systems. This theoretical approach accounts on an equal footing for both

single-particle Stoner excitations and collective spin-wave excitations. Therefore both the ener-

gies and life times of the excitations can be addressed.

The presentation will start with the discussion of the magnetic excitations in bulk Heusler alloys.

Next, different aspects of the spin dynamics of thin films will be considered.

By the example of the Heusler alloys we will show that the number of the spin-wave modes

correlates with the number of well-defined atomic moments inthe unit cell. The difference

to the adiabatic theories will be demonstrated. The relation between spin-wave life time and

half-metalicity will be discussed.

Turning to the thing films we will show that reduced dimensionality rises new questions con-

cerning the character and life time of the collective excitations. In particular, the formation of

the standing waves and the influence of the nonmagnetic substrate on the life time of the spin

waves will be addressed. On this basis we will consider the magnetization dynamics driven by

the magnetic field applied to a part of the film. The study of such processes is crucial for the

design of the nano-scale devices based on the inter-device communication by means of spin

waves.
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lü
ge

l,
Ph

ys
.

R
ev

.
B

81
,

05
44

34
(2

01
0)

.

[2
]C

.F
ri

ed
ri

ch
,S

.B
lü

ge
la

nd
A

.S
ch

in
dl

m
ay

r,
Ph

ys
.R

ev
.B

81
,1

25
10

2
(2

01
0)

.



H
yb

ri
d

Fu
nc

tio
na

ls
w

ith
in

th
e

A
ll-

E
le

ct
ro

n
FL

A
PW

M
et

ho
d:

Im
pl

em
en

ta
tio

n
an

d
A

pp
lic

at
io

ns

M
.S

ch
lip

f,
M

.B
et

zi
ng

er
,C

.F
ri

ed
ri

ch
,M

.L
ež
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Locally magnetic nanostructures: interplay between
magnetism and electron transport

A. Smogunov

CEA Saclay, IRAMIS/SPCSI, Batiment 462, F-91191 Gif sur Yvette, France

Email: alexander.smogunov@cea.fr

Nanosystems consisting of a small magnetic structure bridging two nonmagnetic leads are

presently of considerable interest because of a variety of intriguing phenomena such as spin

filtering, anisotropic magnetoresistance, low temperature Kondo physics and so on. The mag-

netic bridge may be just a transition metal atom, or a magnetic molecule, or may even consist

of the same metal as the leads, turning spontaneously magnetic, as predicted for Pd or Pt atomic

chains [1]. We first discuss the case of Pt nanowire contacts,where recent density-functional

theory (DFT) studies predicted a large magnetic moment localized on atomic chain connect-

ing two nonmagnetic leads [2,3]. Strong spin-orbit coupling (SOC) results in large magnetic

anisotropy with an easy axis parallel to the chain. Next, we look at the case of light magnetic

impurities (Ni, Co, or Fe atoms) adsorbed on a Au nanowire or on a carbon nanotube. Due to

very weak SOC (and therefore negligible magnetic anisotropy), the Kondo effects will now play

an important role and will modify substantially the DFT conductance at low temperatures. We

study these phenomena combining our DFT approach with the subsequent Numerical Renor-

malization Group solution of appropriate Anderson models [4].

[1] A. Delin and E. Tosatti, PRB 68, 144434 (2003).

[2] A. Smogunov et al., PRB 78, 014423 (2008).

[3] We use a plane wave package Quantum-ESPRESSO, http://www.quantum-espresso.org.

[4] P. Lucignano et al., Nature Materials 8, 563 (2009); P. Baruselli et al., in preparation.
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iè
nc

ia
de

M
at

er
ia

ls
de

B
ar

ce
lo

na
(I

C
M

A
B

-C
SI

C
)

C
am

pu
s

U
A

B
,0

81
93

B
el

la
te

rr
a,

Sp
ai

n

E
m

ai
l:

m
st

en
ge

l@
ic

m
ab

.e
s

M
ul

tif
er

ro
ic

m
at

er
ia

ls
ar

e
a

cl
as

so
fi

ns
ul

at
or

sw
hi

ch
ar

e
si

m
ul

ta
ne

ou
sl

y
fe

rr
oe

le
ct

ri
c,

fe
rr

om
ag

-

ne
tic

an
d

fe
rr

oe
la

st
ic

.
Fo

r
a

ri
go

ro
us

tr
ea

tm
en

to
f

th
ei

r
re

sp
on

se
to

ex
te

rn
al

pe
rt

ur
ba

tio
ns

,i
ti

s

cr
uc

ia
lt

o
es

ta
bl

is
h

an
in

te
rn

al
ly

co
ns

is
te

nt
fo

rm
ul

at
io

n
of

th
e

m
ac

ro
sc

op
ic

de
gr

ee
s

of
fr

ee
do

m

(p
ol

ar
iz

at
io

n,
m

ag
ne

tiz
at

io
n

an
d

st
ra

in
),

to
ge

th
er

w
ith

th
e

re
sp

ec
tiv

e
ge

ne
ra

liz
ed

fie
ld

s
(e

le
ct

ri
c

fie
ld

,m
ag

ne
tic

fie
ld

an
d

st
re

ss
).

T
hi

s
is

es
pe

ci
al

ly
tr

ue
w

he
n

w
or

ki
ng

at
no

n-
tr

iv
ia

le
le

ct
ri

ca
l

or
m

ec
ha

ni
ca

lb
ou

nd
ar

y
co

nd
iti

on
s

(i
.e

.w
ith

ap
pl

ie
d

D
C

bi
as

an
d/

or
ex

te
rn

al
pr

es
su

re
),

w
he

re

m
an

y
of

th
e

us
ua

ld
efi

ni
tio

ns
of

th
e

re
sp

on
se

co
ef

fic
ie

nt
s

(e
.g

.
pi

ez
oe

le
ct

ri
c,

di
el

ec
tr

ic
or

el
as

-

tic
)l

ea
d

to
am

bi
gu

iti
es

or
in

co
ns

is
te

nc
ie

s.
To

ad
dr

es
s

th
es

e
is

su
es

,I
w

ill
pr

es
en

ta
fo

rm
ul

at
io

n

of
el

ec
tr

os
ta

tic
s

in
pe

ri
od

ic
in

su
la

to
rs

th
at

is
ba

se
d

on
sc

al
ar

qu
an

tit
ie

s
(c

ha
rg

es
an

d
po

te
nt

ia
ls

),

ra
th

er
th

an
ve

ct
or

qu
an

tit
ie

s
(p

ol
ar

iz
at

io
n

an
d

el
ec

tr
ic

fie
ld

s)
[1

].
Iw

ill
el

uc
id

at
e

th
es

e
id

ea
s

by

pr
es

en
tin

g
fir

st
-p

ri
nc

ip
le

s
re

su
lts

on
th

e
no

n-
lin

ea
r

pi
ez

oe
le

ct
ri

c
co

ef
fic

ie
nt

of
Pb

Ti
O

3
in

hi
gh

fie
ld

s.
I

w
ill

al
so

di
sc

us
s

ex
te

ns
io

ns
of

th
es

e
st

ra
te

gi
es

to
th

e
st

ru
ct

ur
al

an
d

m
ag

ne
tic

de
gr

ee
s

of
fr

ee
do

m
,w

hi
ch

ar
e

cu
rr

en
tly

un
de

rw
ay

.

[1
]M

.S
te

ng
el

,N
.A

.S
pa

ld
in

an
d

D
.V

an
de

rb
ilt

,N
at

ur
e

Ph
ys

ic
s

5,
30

4-
30

8
(2

00
9)

.



CALCULATION OF

SPIN-ORBIT INDUCED RELAXATION

IN TRANSITION METAL FERROMAGNETS

K. Gilmore, P. M. Haney and M. D. Stiles

Center for Nanoscale Science and Technology, NIST, Gaithersburg, MD 20899-6202

Email: mark.stiles@nist.gov

Y.U. Idzerda

Physics Department, Montana State University, Bozeman, MT59717

Ion Garate and A.H. MacDonald

Department of Physics, The University of Texas at Austin, Austin, TX 78712

Jonas Seib, Daniel Steiauf, and Manfred Fähnle

Max-Planck-Institut f̈ur Metallforschung, Heisenbergstraße 3, 70569 Stuttgart,Germany

In transition metal ferromagnets, dissipation of energy and angular momentum from the mag-

netization proceeds vis spin-orbit coupling. A time-dependent magnetization, when combined

with spin-orbit coupling, generates electron hole pairs, which relax to the lattice. In pure transi-

tion metals, the spin-orbit coupling is intrinsic to the band structure, while for rare earth impu-

rities, it is associated with the defects. The relaxation ofthe electron hole pairs can be through

phonons, defects, or alloy scattering. Calculations of the Gilbert damping parameter based on

this model and the local spin density approximation agree quantitatively with measurements for

Fe, Co, and Ni. The presence of an electrical current modifies the distribution of electrons near

the Fermi surface to reflect the net flow of electrons. The modified distribution changes the

Gilbert damping and the change in the Gilbert damping gives the non-adiabatic spin-transfer

torque parameter, which plays a crucial role in current induced domain wall motion.



RELATIVISTIC CORRECTIONS TO SPIN-INTERACTIONS IN

NANOSCALE MAGNETS

 L. Szunyogh

Department of Theoretical Physics, Budapest University of Technology and

Economics, Budapest, Hungary

Email:szunyogh@phy.bme.hu

The use of traditional Heisenberg spin-models including on-site magnetic anisotropies and

magnetic dipole-dipole interactions has proved insufficient in case of  magnetic objects on the

nanoscale. Beside the inter-site magnetic anisotropies that have crucial importance even for

the finite temperature magnetism of bulk magnets, the role of the Dzyaloshinskii-Moriya

(DM) interaction gets largely enhanced in reduced dimension. Well-known examples are the

magnetic pattern formation [1] and the homochirality of domain walls [2] in ultrathin films.

Multiple scattering theory provides a straightforward tool to calculate spin-interactions in

metals within the framework of relativistic electron theory.  I briefly discuss two different

methods to accomplish this task. Related to the relativistic torque method, I mainly focus on

the calculation of spin-wave spectra [3] by showing that the chiral degeneracy of the magnon

spectrum can be lifted due to the presence of DM interactions [4]. I discuss the symmetry

conditions under which such a chiral asymmetry occurs. Calculations for an Fe monolayer on

W(110) will be presented, with particular emphasis on the possibility to directly measure the

DM interactions in ultrathin films.

A new strategy to calculate spin-interactions based on the relativistic Disordered Local

Moment picture [5] will also be introduced.  Application of the method to Mn/W(001) is

clearly consistent with the spin-spiral formation reported recently in the literature. [6]

Moreover, I shall highlight the possibility for a direct evaluation of higher order spin-

interactions within this method.

[1] M. Bode et al., Nature 447, 190 (2007)
[2] M. Heide et al., Phys. Rev. B 78, 140403(R) (2008)
[3] L. Udvardi et al., Phys. Rev. B 78, 140403(R) (2003)
[4] L. Udvardi and L. Szunyogh, Phys. Rev. Lett. 102, 207204 (2009)
[5] J.B. Staunton et al., Phys. Rev. B 74, 144411 (2006)
[6] B. Ferriani et al., Phys. Rev. Lett. 102, 019901 (2009)



ANISOTROPIC MAGNETORESISTANCE

AND ANOMALOUS HALL EFFECT

IN RANDOM FERROMAGNETIC ALLOYS

I. Turek1, J. Kudrnovský2 and V. Drchal2

1 Institute of Physics of Materials, ASCR, Zizkova 22, Brno, Czech Republic

Email: turek@ipm.cz

2 Institute of Physics, ASCR, Na Slovance 2, Praha 8, Czech Republic

The talk reviews recent progress in ab initio theory of transport properties of spin-polarized

metallic systems in presence of spin-orbit interaction. Our approach is based on evaluation

of the full conductivity tensor within the Kubo linear response theory with impurity scatter-

ing due to chemical randomness. The alloy disorder is taken into account by means of the

coherent-potential approximation (CPA) implemented in the tight-binding linear muffin-tin or-

bital (TB-LMTO) method. The spin-orbit interaction is treated as an on-site perturbation to

the scalar-relativistic TB-LMTO Hamiltonian, the velocity operators are reduced to intersite

hopping elements, and the CPA-vertex corrections to the conductivity tensor are included.

The developed theory is applied to cubic binary transition-metal alloys FeCo (bcc), NiCo (fcc),

NiFe (fcc) and NiMn (fcc) for which selected concentration trends are discussed: (i) a strong

deviation of the isotropic resistivity from the Nordheim rule in FeCo alloys, (ii) a big anisotropic

magnetoresistance in NiCo and NiFe alloys, and (iii) the change of sign of the anomalous Hall

effect. Particular attention is paid to the dilute limit (bcc Fe, fcc Ni), where the Kubo theory

provides an alternative description of the anomalous Hall conductivity of non-random magnets

formulated recently in terms of their band structure and theBerry curvature.
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Psi-k Network : Towards Atomistic Materials Design 

 

 
 Psi-k 

Daresbury Science & Innovation Campus 
Daresbury, Warrington 
WA4 4AD 
UK 
 
Tel: +44 (0)1925 603227 
Fax: +44 (0)1925 603634 

 
PSI-K WORKSHOP FINANCE REPORT 

 
Title of the Workshop Computational Magnetism and Spintronics 2010 
Workshop Organisers Stefan Blügel, Yuriy Mokrousov and Alexander Shick 

Location of the Workshop Bonn, Gustav-Stresemann-Institut, Germany 
Dates of the Workshop May 10th-12th 2010 
Total Grant from Psi-k € 9500 

 
EXPENDITURE 
 
WORKSHOP DELEGATES / SPEAKERS 
Name and Country of Claimant Travel Accommodation  Total (€’s) 
Patrick Rinke, Germany 70,20 187,00 257,20  
Alexander Smogunov, France 196,00 261,00 457,00 
Silvia Picozzi, Italy 403,22 164,95 568,17 
Ilja Turek, Czech Republic 296,80 251,00 547,80 
Hubert Ebert, Germany 119,40 174,00 293,40 
Leonid Sandratskii, Germany 190,00 251,00 441,00 
Massimiliano Stengel, Spain 356,00 251,00 607,00 
Claude Ederer, Ireland 331,15 251,00 582,15 
Arthur Ernst, Germany 39,25 87,60 126,85 
Rossitza Pentcheva, Germany 269,61 174,00 443,61 
Uwe Gerstmann, Germany 57,50 267,00 324,50 
Arno Schindlmayr, Germany 50,00 164,00 214,00 
Antonio Costa, USA 843,64 251,00 1094,64 
Alexander Shick, Czech Republic 0,00 174,00 174,00 
Sergii Khmelevskyi, Austria 158,00 251,00 409,00 
Roberto Muniz, Brazil 762,95 251,00 1013,95 

Total Travel & Accommodation € 7554,27 
 
WORKSHOP REFRESHMENTS / CONFERENCE DINNERS 
Date Tea / Coffee Lunch / Dinner  Total (€’s) 
May 10th 2010 940,72 125,6 1066,32 
May 11th 2010 940,72 125,6 1066,32 
May 12th 2010 470,36 125,6 595,96 

Total Refreshments € 2728,6 
 
MISCELLANEOUS EXPENDITURE 
Details Total (€’s) 
Projector 390,00 
Poster stands 94,00 
Additional accommodation 1629,75 
Conference dinner 890,00 

Total Miscellaneous € 3003,75 
 

Total Travel & Accommodation € 7554,27 
Total Refreshments € 2728,6 
Total Miscellaneous € 3003,75 
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TOTAL EXPENDITURE € 13286,62 

 
 


