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MA 26: Micromagnetism
Time: Wednesday 10:45-12:15

MA 26.1 Wed 10:45 H 0112
Multiscale simulation of micromagnetic singularities —
oCHRISTIAN ANDREASD2, ArTiLa KAkay!, Mine Yan!, and Ric-
carRpO HERTEL1'2 — lPeter Griinberg Institut, Electronic Proper-
ties, Forschungszentrum Jiilich GmbH — 2IPCMS, CNRS UMR 7504,
Strasbourg, France

Several fundamental processes like bubble domain reversal and vor-
tex core switching include the formation of Bloch points (BP) [1,2,3].
Such micromagnetic singularities pose limits to the validity of micro-
magnetic simulations and are usually treated within the realm of mi-
cromagnetism by using mesh refinement and extrapolations to zero-
mesh size. The problem is the singularity of the exchange energy
density for BPs. A more realistic description is obtained by employ-
ing a multiscale model, which removes this singularity. We present
a multiscale approach combining our micromagnetic code TetraMag
with a Heisenberg model. This allows us to treat the exchange energy
around BPs atomistically, by taking into account 106 atoms. The mul-
tiscale code exploits the computational power of Graphical Processing
Units, thereby allowing us to extend the dynamic calculation to several
nanoseconds on the micrometer length scale. The results elucidate to
which extent BPs can be treated reliably with standard micromagnetic
simulations. It is shown that the intrinsic overestimation of the BP
energy of the continuum approximation is generally not counterbal-
anced by discretization effects which systematically underestimate it.
[1] Hertel, R. et al., Phys. Rev. Lett. 98, 117201 (2007) [2] Thiaville,
A. et al., Phys. Rev. B 67, 094410 (2003) [3] Déring, W. J. Appl.
Phys. 39, 1006 (1968)

MA 26.2 Wed 11:00 H 0112
Chiral skyrmions as a new objects for magnetic storage
technologies — eNikoral KiseLev!:2, RupoLr ScHAFER!, ALEX
Boapanov!, and ULricH K. RossLEr! — 1IFW Dresden, Germany
— 2PGI and IAS, Forschungszentrum Jiilich, Germany

Chiral Skyrmions (CS) in magnetic materials are topologically non-
trivial, intrinsically stable magnetization configurations with particle-
like properties. CS can arise in bulk and nanolayers of magnetic met-
als with intrinsic [1] or surface/interface [2,3] induced Dzyaloshinskii-
Moriya interaction. CS drastically differ from other axisymmetric
patterns induced by external dipole-dipole forces (bubble domains in
nanolayers [3] and magnetic vortices in magnetic nanodots). They
are extremely stable in wide ranges of magnetic field, geometrical and
materials parameters (layer thickness, uniaxial anisotropy, magneti-
zation). Our theoretical findings allow us to conclude that CS hold
promise for a new paradigm in data storage devices that can be based
on stable multidimensional solitons in chiral soft magnetic media.

[1] A. N. Bogdanov, A. D. Yablonsky Sov. Phys. JETP 68, 101
(1989), [2] X. Z. Yu et al. Nature Mat. 465, 901 (2010), [3] S. Heinze
et al. Nature Phys. 7, 713 (2011), [4] N.S. Kiselev et al. Phys. Rev.
Lett. 107, 179701 (2011); J. Phys. D: Appl. Phys. 44, 392001 (2011).

MA 26.3 Wed 11:15 H 0112
FMR in one-dimensional assemblies of magnetite nanocrys-
tals and anisotropy evolution during growth — eMicHALIS
CHARILAOUY, MIcHAEL WINKLHOFER?, INES GaRcia-RuBio®, and
AnDREAs U GEeHrRING! — 'Earth and Planetary Magnetism, De-
partment of Earth Sciences, ETH Zurich, 8092 Zurich, Switzerland
— 2Department of Earth and Environmental Science, University of
Munich, 80333 Munich, Germany — 3Laboratory of Physical Chem-
istry, Department of Chemistry and Applied Biosciences, ETH Zurich,
8093 Zurich, Switzerland

We have simulated FMR spectra of dilute suspensions of linear mag-
netite chains oriented randomly in space by modeling the chain as
a Stoner-Wohlfarth-type rotation ellipsoid whose long axis coincides
with an easy [111] axis of the cubic magnetocrystalline anisotropy sys-
tem. The validity of the model is examined by comparing the re-
sults to explicit calculations of the interactions among the particles in
the chain. The single ellipsoid model reproduces the experimentally
observed FMR traits of such chain assemblies and can be related to
the explicit chain model by adjusting the contribution to the uniax-
ial anisotropy along the chain axis to account for the magnetostatic
interactions. Moreover, we investigate the evolution of anisotropy in
these systems by fitting FMR signals at different growth-stages of the
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nanoparticles.

MA 26.4 Wed 11:30 H 0112
Temperature dependence of normal modes of ferrimagnets

— oFRANK ScHLICKEISER!, UNAT ATxITIAZ, SOENKE WIENHOLDT!,

Denise Hinzke!, OksaNna CHUBYKALO-FEseEnko?, and ULRICH
Nowak! — 1University of Konstanz, Germany — 2Institute of ma-

terial science Madrid, Spain

Recently, opto magnetic writing using a circularly polarised laser pulse
in the 40 femtosecond range was successfully demonstrated [1-3]. It
is assumed that the magnetisation switching is forced by a combina-
tion of a heat pulse and a magnetic field created due to the inverse
Faraday effect. However, so far this effect has only been found for
a special class of materials as the ferrimagnet GdFeCo. The reason
for this restriction is not fully understood yet and therefore of great
interest. We investigate the dynamics of a ferrimagnet by means of
computer simulations as well as analytically, where the behaviour of
the precession frequency as well as the effective damping parameter
of the ferromagnetic and exchange mode is investigated. Both ap-
proaches coincide well for different strengths of an external magnetic
field as well as for different strengths of an uni axial anisotropy. Our
results, representing a generalisation and improvement of former ap-
proximated solutions (e.g.[4]), therefore build a basis for a better the-
oretical comparison to recent experiments[5]. [1] C.D.Stanciu et al.,
Phys. Rev. Lett.99, 047601 (2007), [2] A.V. Kimel, C. D. et al., Na-
ture 435, 655 (2010), [3] K.Vahaplar et al., Phys. Rev. Lett. 103,
117201 (2009), [4] R.Wangsness, Phys. Rev. B 93, 68 (1954), [5]
C.D.Stanciu et al., Phys. Rev. B 73, 220402 (2006).

MA 26.5 Wed 11:45 H 0112
Temperature-dependent Heisenberg exchange coupling con-
stants from linking electronic-structure calculations and

Monte Carlo simulations — eDanNy BotTrcHERD2, ARTHUR
Ernst!, and JorceN Henk!:2 — Max Planck Institute of Mi-
crostructure Physics, Halle, Germany — 2Martin Luther University

Halle-Wittenberg, Halle, Germany

In various theoretical approximations Heisenberg exchange coupling
constants J;; are calculated for zero temperature and, therefore, pro-
vide e.g. too small a critical temperature T in comparison to the ex-
perimental value. In contrast, J;; computed within the disordered local
moments (DLM) formalism (i. e. for a paramagnetic sample), overesti-
mate T¢. This mismatch leads to the idea of temperature-dependent
exchange parameters.

We propose a method to calculate the temperature dependence of
Jij [1]. Within the DLM formalism, the magnetization and the J;; are
computed from first principles for any concentration c of the magnetic
constituents. The exchange coupling constants are then used in Monte
Carlo (MC) simulations to compute the temperature dependence of
the magnetization for the given ¢. By comparing the magnetization
from DLM calculations and from MC simulations we obtain a map-
ping of temperature versus concentration and eventually temperature-
dependent J;;. The approach which is applied to bulk Fe and Co can
for example improve critical exponents.

[1] D. Bottcher, A. Ernst, and J. Henk, J. Magn. Magn. Mat. 324
(2012) 610.

MA 26.6 Wed 12:00 H 0112
Magnetic Force Microscopy on single crystalline Fe70Pd30
ferromagnetic shape memory films — eANjA GRAUMANN!,
YaNHONG Mal, ALEXANDER MamwIN JakoBl:2, Frank Frost!,
and STEFAN GEORG Mavr!:2 — !Leibniz-Institut fiir Oberflichen-
modifizierung e.V., Permoserstr. 15, 04318 Leipzig, Germany —
2Translationszentrum fiir Regenerative Medizin und Fakultit fiir
Physik und Geowissenschaften, Universitdt Leipzig, 04318 Leipzig,
Germany

Fe70Pd30 ferromagnetic shape memory thin films of 500 nm thickness
grown on MgO (100) single crystal substrates at approximately 900 °C
show a twin-related relief at the sample surface imaged by scanning
electron and atomic force microscopy. Using X-ray diffraction mea-
surements with Cu Ko radiation the existance of a martensitic face
centered tetragonal phase at room temperature - a necessary condi-
tion for the shape memory effect - could be confirmed. To characterize
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micromagnetic properties, magnetic force microscopy has been per-
formed. Central focus lies on correlations between magnetic and struc-
tural properties of the film. The measurements are interpreted with
the help of micromagnetic simulations, which reveal a complex mag-

netic structure governed by shape and crystallographic anisotropies.
This work is funded by the German Research Foundation.



