Wednesday

MA 28: Magnetic Materials

Time: Wednesday 15:00-18:00

MA 28.1 Wed 15:00 H22
Electronic Structure Calculations of Materials with Increased
Magnetic Anisotropy Energies — ¢ ALEXANDER EDSTROM, OLLE
ErikssoN, and JaAN Rusz — Uppsala University, Department of
Physics and Astronomy, Division of Materials Theory, Uppsala, Swe-
den

Materials with a high saturation magnetization, as well as high mag-
netic anisotropy energy, are required to produce permanent magnets
which are important in a wide range of applications. Here DFT cal-
culations are used to study magnetizations and magnetic anisotropy
energies in a variety of materials. Certain materials such as FeCo
based alloys, with relatively large saturation magnetization, are found
to also exhibit high magnetic anisotropy energies at particular crystal
distortions and alloy concentrations [1]. This makes them potentially
useful for permanent magnet applications. We report first principles
calculations of magnetization and magnetocrystalline anisotropy en-
ergy for a wide range of concentrations and deformations of the cubic
and hexagonal lattices. This work was supported by ERC project RE-
FREEPERMAG and Swedish Research Council.
1. T. Burkert, et al, PRL 93, 027203 (2004)

MA 28.2 Wed 15:15 H22
Magnetism and structural instability in frustrated in-
termetallic AFe ;Xy systems — eoInca KRrarT, CHRISTOPH
BeraMANN, KATHARINA WEBER, NANDANG MUurTi, CHRISTOPH
GEeIBEL, and HELGE RosNER — Max Planck Institute for Chemical
Physics of Solids, Dresden

Frustration in intermetallic systems lead to an increase of quantum
fluctuations and often result in unusual properties. Magnetic, thermo-
dynamic, and structural data of the intermetallic AFes X2 compounds
(A=Sc,Y,Lu,Zr; X=8Si,Ge) evidence that these compounds cover the
whole regime from frustrated AFM order up to an AFM quantum criti-
cal point. In agreement with the experimental findings our DFT calcu-
lations yield an orthorhombic ground state and together with magnetic
order a strong interplay of structure and magnetism. We discuss the
influence of the A and X site atoms on the strength of magnetic inter-
actions and the size of structural distortion.

MA 28.3 Wed 15:30 H22
Calculation of the angular dependence of XMLD in reflection
in 3d transition metals at 3p edges — eDomMINIk LEcuT!, PETER
OPPENEER?, MaRrc Trscu?, HANs-CHRISTOPH MERTINS®, MARKUS
GiLerT?, and ANDREAs Gaupp? — Nanotechnology Centre, Os-
trava, Czech Republic — 2Department of Physics and Astronomy, Up-
psala, Sweden — 3FH Miinster, Steinfurt, Germany — *HZB, Berlin,
Germany

The full angular dependence of the x-ray magnetic linear dichroism
(XMLD) in reflection spectra on the crystalline orientation of the mag-
netization was investigated for ferromagnetic bce Fe, fce Ni and fece Co.
The anisotropic XMLD spectra were computed in the single electron
picture within the framework of the DFT. The excitation stemming
from semicore 3p levels were considered. The calculated results show
similarities as well as differences between L2 3 and M2 3 edges, because
of hybridization of two 3p; /5 sub-levels and four 3p3 /5 sub-levels (my
levels).! The XMLD signal is strongly dependent on the magnetization
direction with respect to the crystal axes. Furthermore, the influence
of the sample thickness on the reflection coefficients is investigated.
The magnitude of the lattice distortion vs. the influence of the spin-
orbit coupling on the reflection coefficients for general magnetization
direction is revealed. The calculated data show very good agreement
with recently recorded spectra of bcc Fe. The influence of the spin-
orbit coupling and exchange interaction at 3p states is revealed.
References:

1. S. Valencia et al.,Phys. Rev. Lett. 104, 187401 (2010).

MA 28.4 Wed 15:45 H22
Quadratic magneto-optical permittivity coefficiets in cubic
Fe, Co, Ni calculated ab-initio — JaNa HAMRLOVA, eJAROSLAV
HaMmrLE, DomiNik LeEcur, KamiL Postava, and JAROMIR PI1STORA
— Nanotechnology Centre, VSB - Technical University of Ostrava,
Czech Republic

Using ab-initio calculations, we determine spectra of the second-

Location: H22

order magneto-optical permittivity coefficients (Ga4, AG) for ferro-
magnetic bee Fe, fcc Ni and fcc Co. Those second-order magneto-
optical permittivity coefficients provide phenomenological description
of all second-order magneto-transport effect, such as AMR, quadratic
MOKE, XMLD, magneto-refracticity, etc. depending on the investi-
gation technique and the energy of the probing photon (zero photon
energy means dc). The calculations of the conductivity/permittivity
tensor elements are done within the framework of DFT using general
magnetic orientation with respect to the crystal axis. Then, depen-
dence of the permittivity elements on general magnetization orienta-
tion is compared with expected dependences as provided by symmetry
arguments.

MA 28.5 Wed 16:00 H22
First-pinciples calculations of Gilbert damping parameter
for magnetic metals and alloys — eSErRGIY MANKOVsKY, DIEMO
KoeppERITZSCH, and HUBERT EBERT — Dept. Chemie, Universitét
Miinchen, Butenandtstr. 5-13, D-81377 Miinchen, Germany

The results of first-principles calculations of the elements of the Gilbert
damping tensor, o, are presented. Calculations have been performed
for various systems, e.g., pure 3d transition metals, magnetic alloy
systems and magnetic semiconductors. The anisotropy of the Gilbert
damping and its dependence on the orientation of the magnetization
and structure parameters, have been analyzed. Furthermore, the role
of chemical and temperature induced structural and magnetic disor-
der has been investigated. The corresponding scattering mechanisms
have been accounted for by using the coherent potential approximation
(CPA) alloy theory. The theoretical results for the Gilbert damping
parameters are compared with available experimental data.

MA 28.6 Wed 16:15 H22
Partial substitution of Nd in FeNdB permanent magnets by
economic rare earth metals — eDacMar GoLL!, RALF LOFFLER!,
ARNE HuBer?2, and GERHARD ScHNEIDER! — 1Hochschule Aalen,
Institut fiir Materialforschung, Aalen — Z2Robert Bosch GmbH,
Gerlingen-Schillerhéhe

High-performance permanent magnets like Fe-Nd-B sintered magnets
are very promising for high-power motor and generator applications in
resource efficient mobility and renewable energy. However, the asso-
ciated increasing demand for intermetallic rare earth (RE) and tran-
sition metal (TM) compounds recently gets somewhat abated due to
the dependence on rare earth metal raw materials from China. Partial
substitution of Nd by economic RE metals like Ce, La or Y may result
in more cost-efficient magnets. To evaluate the optimum conditions
for realizing cost-efficient high-performance magnets the intrinsic mag-
netic properties (anisotropy constant K1, saturation polarization Js)
of as-cast Fe14(Ndi_xREx)2B are determined from Kerr microscopy
investigations and magnetometry measurements of the corresponding
hysteresis loops (project supported by BMBF).

15 min. break

MA 28.7 Wed 16:45 H22
Ab initio study of thermodynamic, electronic, mag-
netic, structural, and elastic properties of NisN al-
lotropes — PavLina HEmzaLoval:2:3 eMARTIN Friakb34 Moimir
Sos234  ALEXANDER Ubvansky!, DuancuENc Mal, and Jorra
NeuGeEBAUER! — Max-Planck-Institut fiir Eisenforschung GmbH,
Diisseldorf, Germany — ?Masaryk University, Brno, Czech Repub-
lic — 3Central European Institute of Technology, CEITEC MU, Brno,
Czech Republic — #Institute of Physics of Materials, Academy of Sci-
ences of the Czech Republic, Brno, Czech Republic

We have used density functional theory calculations to study thermo-
dynamic, structural, elastic, and electronic properties of NigN, that
forms e.g. when nitriding Ni-containing alloys, in eight different crys-
tallographic phases. In agreement with the experimental findings, the
cubic structure with Pearson symbol ¢P5, space group Pm-3m (221),
is found to be the most stable. We determine structural parameters,
internal degrees of freedom, bulk moduli and their pressure derivatives
for all eight allotropes. The thermodynamic stability and bulk modu-
lus is shown to be anti-correlated. Comparing ferromagnetic and non-
magnetic states, we find common features between the magnetism of
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elemental Ni and studied ferromagnetic NigN structures. For cubic al-
lotropes, we predict single-crystalline elastic constants, their area mod-
uli, and homogenized polycrystalline elastic moduli. We demonstrate
that the elastic anisotropy of the ground-state NigN is qualitatively
opposite to that in the elemental Ni. One of the studied metastable
cubic phases is found auxetic, i.e. exhibiting negative Poisson ratio.

MA 28.8 Wed 17:00 H22
Contributions of domain wall substructures to the magneti-
zation configurations — eSUKHVINDER SINGH, HAIBIN Gao, and
Uwe HarRTMANN — Experimental Physics, Saarland University, P O.
Box 151150, D-66041, Saarbriicken, Germany

Magnetic domain wall substructures have strong influences on domain
wall behavior, i.e., movement and pining effects within an external
magnetic field. In this work, contributions of domain wall substruc-
tures (Bloch lines, cross-tie wall components, vortex-antivortex pairs)
and individual vortices to the magnetization configurations of EBL-
patterned Permalloy thin films and Fe-whiskers have been investigated.
MFM was employed to check the influence of those substructures’ in-
teractions with notches and sample edges with and without an in-plane
static magnetic field. The result shows the attractive interaction be-
tween magnetic charges at the edge and the vortex-antivortex dipolar
charges in the cross-tie wall. Stripe domains were observed for films
of more than 100 nm of thickness. In contrast, well arranged stripe
domains mixed with Landau domain pattern or cross-tie wall struc-
tures were found on thinner samples. OOMMEF was used to model the
behavior observed by MFM.

MA 28.9 Wed 17:15 H22
Spectroscopic study of the Kondo semiconductors CeM3Al;g
(M = Ru, Os and Fe) — eFaBio STriGARI', THOMAS WILLERS?,
Zuiwer Hu2, Cuanc-Yane Kuo?, STEFANO AGRESTINI?, ANDREA
SEVERING!, and Liu Hao TieEnc? — lInstitute of Physics II, Univer-

sity of Cologne — 2MPI for Chemical Physics of Solids, Dresden

The orthorhombic CeM2Aljg compounds with M = Ru, Os, and Fe
belong to a fairly new family of Ce Kondo semiconductors, which ex-
hibit a novel magnetic phase transition at To = 27K (M = Ru) and
29K (M = Os). The ordering mechanism is still a matter of debate
since the ordering temperature is unexpectedly high and the ordered
moment strongly reduced. The isostructural CeFesAljg lacks any
phase transition and shows the highest degree of hybridization between
4f and conduction electrons within the family. For CeRugAljg and
CeOs2 Al the static magnetic susceptibility shows a strong anisotropy
and Curie-Weiss behavior down to T and 40 K, respectively, whereas
for CeFezAljg it suggests more intermediate valent behavior. Due to
the presence of the crystalline electric field, the 4f ground state wave
functions are expected to be highly anisotropic and their knowledge is
essential to understand the magnetic properties in this compounds.

We performed extensive experimental studies by means of x-ray
based spectroscopic techniques — namely soft x-ray absorption, res-
onant inelastic x-ray scattering and hard x-ray photoemission spec-
troscopy — in order to determine the crystal-field ground state and
quantitatively analyze the 4f valence for the members of the 1-2-10
family.

MA 28.10 Wed 17:30 H22

Nature of local moments in La(Sr)CoO3 — eJaNn KuNEs and
ViastimiL KrRAPEK — Institute of Physics, AS CR, Prague, Czechia

We present a numerical study of magnetic properties of LaCoO3 and
SrCo0O3 using the dynamical mean-field theory. In particular, we in-
vestigate the origin of the local magnetic moments (Curie susceptibil-
ity). Using the decomposition of the temporal spin-spin correlation
functions into contributions from atomic multiplets we generalize the
notion of atomic multiplets to situations with the strong covalent bond-
ing. We show that the magnitude of the local moment is in general not
a good parameter to identify the microscopic atomic states underlying
the formation of local magnetic moments. Our numerical results ex-
clude the so called intermediate spin states to play an important role
in magnetism of LaCoO3.

MA 28.11 Wed 17:45 H22
Investigation on magnetoacoustic properties of spin-ice ma-
terials Dy2Ti207 and Ho2Ti207 — eSaLIM ERFANIFAM!, SERGEI
ZHERLITSYN!, JoacHIM WosNiTzal, RODERICH MOESSNERZ, ANDREI
ANATOLIEVICH ZVvYAGIN?3, PauL McCLaRrTY2?, OLEG PETRENKO?,
and GEETHA BaLAKRISHNAN? — 1Hochfeld-Magnetlabor Dresden,
Helmholtz-Zentrum Dresden-Rossendorf, D-01314 Dresden, Germany
— 2Max-Planck Institut fiir Physik komplexer Systeme, D-01187 Dres-
den, Germany — 3B.I. Verkin Institute for Low Temperature Physics
and Engineering, Kharkov, 61103, Ukraine — 4 University of Warwick,
Department of Physics, Coventry CV4 7TAL UK

We have investigated elastic properties of the spin-ice materials
Dy2Ti207 (DTO) and Ho2Ti207 (HTO) for a wide range of tem-
perature and magnetic field. Our studies of the sound characteristics
for several acoustic modes evidence a renormalization of the sound
velocity and the sound attenuation due to phase transformations at
applied magnetic field as well as an interaction with low-energy mag-
netic excitations (topological defects). The most prominent anomalies
are quasi-periodic peaks in the sound velocity and in the sound atten-
uation observed in DTO due to non-equilibrium processes arising in
the external magnetic field. These results were analyzed theoretically
using exchange-striction coupling, which shows a good agreement be-
tween theory and experiment. The obtained results at high magnetic
fields exhibit some pronounced anomalies around 50 T for both com-
pounds. Our calculations including crystal-electric field effects show
satisfactory agreement with experiment.



