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WORKSHOP PROGRAM

THURSDAY, FEBRUARY 18, 2016

08:30–09:20 Registration

09:20–09:30 Opening

09:30–10:20
Andreas Prohl (University of Tübingen, Germany)
Stochastic ferromagnetism (page 14)

10:20–11:10
Martin Kruž́ık (The Czech Academy of Sciences, Prague, Czech Republic)
Thermodynamically-consistent mesoscopic model of the ferro/paramagnetic
transition (page 12)

11:10–11:40 Coffee break

11:40–12:30
Thomas Schrefl (Danube University Krems, Austria)
Computational challenges for micromagnetics of permanent magnets
(page 15)

12:30–14:00 Lunch break

14:00–14:50
Thanh Tran (UNSW Sydney, Australia)
Solutions to the stochastic Maxwell-Landau-Lifshitz-Gilbert equations
(page 18)

14:50–15:40
Franck Sueur (University of Bordeaux, France)
On the weak solutions to the Landau-Lifshitz equations (page 17)

15:40–16:10 Coffee break

16:10–17:00
Gino Hrkac (University of Exeter, UK)
Nanoscale switch for vortex polarization mediated by Bloch core formation
in magnetic hybrid systems (page 11)

17:00–18:00 Poster session (page 4)

Workshop dinner (page 6)
19:00

Zwölf-Apostelkeller (Sonnenfelsgasse 3, 1010 Vienna)
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FRIDAY, FEBRUARY 19, 2016

09:30–10:20
Carlos J. Garćıa-Cervera (UC Santa Barbara, USA)
A mean-field model for spin dynamics in multilayered ferromagnetic media
(page 10)

10:20–11:10
Christof Melcher (RWTH Aachen University, Germany)
Topological solitons in chiral magnetism (page 13)

11:10–11:40 Coffee break

11:40–12:30
Michael J. Donahue (NIST, Gaithersburg, USA)
Quantitative effect of cell size on precision of micromagnetic energy
calculation (page 9)

12:30–14:00 Lunch break

14:00–14:50
Lubomir Banas (Bielefeld University, Germany)
Numerics for thermally assisted magnetodynamics (page 7)

14:50–15:40
Gilles Carbou (University of Pau and Pays de l’Adour, France)
Walls dynamics in ferromagnetic nanotubes (page 8)

15:40–16:10 Coffee break

16:10–17:00
Claudio Serpico (University of Naples Federico II, Italy)
Nonlinear oscillations in nanomagnets (page 16)

17:00–17:10 Closing
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LIST OF CONTRIBUTED POSTERS

Ilya S. Dubitskiy (Petersburg Nuclear Physics Institute, Gatchina, Russia)
Emergence of transverse magnetization component in inverse opals: micromagnetic and
experimental study (page 19)

Thomas Dunst (University of Tübingen, Germany)
Stochastic control of magnetization dynamics (page 20)

Seyyed R. Etesami (Martin Luther University Halle-Wittenberg, Germany)
Efficient thermal energy harvesting using nanoscale magnetoelectric heterostructures
(page 21)

Pawel Gruszecki (Adam Mickiewicz University in Poznań, Poland)
Excitation of spin waves beams in micromagnetic simulations (page 22)

Ananta K. Majee (University of Tübingen, Germany)
Stochastic optimal control in ferromagnetism (page 23)

Michal Mruczkiewicz (Slovak Academy of Sciences, Slovakia)
Characterization of the spin wave properties in magnonic crystal films with
Dzyaloshinskii-Moriya interactions (page 24)

Michal Mruczkiewicz (Slovak Academy of Sciences, Slovakia)
Collective wave modes of dynamical skyrmions in magnonic crystal (page 25)

S. Ali Nasseri (ISI Foundation, Turin, Italy)
Magnetic domain wall dynamics: Comparison of analytical and statistical approaches
(page 26)

Michele Ruggeri (TU Wien, Austria)
Coupling and numerical integration of the Landau-Lifshitz-Gilbert equation (page 27)

Bhaskarjyoti Sarma (ISI Foundation, Turin, Italy)
Micromagnetic simulation of bubble domain wall dynamics in the presence of
Dzyaloshinskii-Moriya interaction (page 28)

Alexander Schäffer (Martin Luther University Halle-Wittenberg, Germany)
Micromagnetic simulations of ferromagnetic resonance in Fe/FexOy-nanocubes
(page 29)

Christian Schellnegger (University of Tübingen, Germany)
Landau-Lifshitz-Gilbert equation: Computational aspects (page 30)

Alexander Sukhov (Martin Luther University Halle-Wittenberg, Germany)
Dipole-dipole interaction in arrays of Fe/FexOy core/shell nanocubes probed by
ferromagnetic resonance (page 31)

Min Yi (TU Darmstadt, Germany)
Micromagnetic simulations on the grain shape effect in Nd-Fe-B magnets (page 32)

Mateusz Zelent (Adam Mickiewicz University in Poznań, Poland)
Investigations of magnetization reversal in periodic arrays of wave-like Py nanostructures
(page 33)
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LUNCH

The map shows a selection of possible lunch locations around workshop venue (marked in
red).

1

2

3

4

5

6

7

1. Naschmarkt (Wienzeile, 1060 Vienna): Vienna’s best-known market with around 120
market stands and restaurants ranging from Viennese to Indian, from Vietnamese to
Italian.

2. Al Centro (Elisabethstraße 15, 1010 Vienna): Lebanese food.

3. Aux Gazelles (Rahlgasse 5, 1060 Vienna): African food.

4. Café Sperl (Gumpendorfer Straße 11, 1060 Vienna): Viennese food.

5. Ramien (Gumpendorfer Straße 9, 1060 Vienna): Asian food.

6. Café Sperl (Lehargasse 1, 1060 Vienna): Vietnamese food.

7. Vapiano (Theobaldgasse 19, 1060 Vienna): Italian food.
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WORKSHOP DINNER

The workshop dinner will take place at Zwölf-Apostelkeller.

Zwölf-Apostelkeller
Sonnenfelsgasse 3, 1010 Vienna
http://www.zwoelf-apostelkeller.at/

We leave at 18:30 from the workshop venue to walk to the dinner location (see the path
below). We will be at about 18:40 at Hotel Motel One Wien Staatsoper, the accommodation
of the invited speakers. Please inform one of the organizers if you want to join.
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ABSTRACTS

INVITED TALKS

Numerics for thermally assisted magnetodynamics

Lubomir Banas

Bielefeld University, Germany

Magnetization dynamics in ferromagnetic materials at low temperatures can be described
by the Landau-Lifshitz-Gilbert (LLG) equation. The classical LLG model holds for constant
temperatures that are sufficiently far from the Curie temperature. Due to increasing miniatur-
ization of magnetic devices and recent applications, such as the thermally-assisted magnetic
recording, it has become necessary to account for temperature effects in the model. We review
two most common approaches currently used for the modelling of thermally activated dynam-
ics in ferromagnetic materials. The first approach includes thermal fluctuations via a random
term and leads to a stochastic mesoscopic model, the so-called Stochastic-LLG equation. The
second approach includes temperature effects via an additional term in the LLG equation and
leads to a deterministic macroscopic model. We propose structure preserving finite element
based numerical approximations for the respective equations and show numerical experiments
to demonstrate some interesting features and connections between the two models.
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Walls dynamics in ferromagnetic nanotubes

Gilles Carbou

University of Pau and Pays de l’Adour, France

Ferromagnetic nanotubes are proposed as an alternative to ferromagnetic nanowires for data-
storage applications. We consider a two-dimensional model of such devices and we establish
the stability of moving walls in the Walker regime when the tube is subject to a small magnetic
field.
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Quantitative effect of cell size on precision of micromagnetic energy calculation

Michael J. Donahue

National Institute of Standards and Technology, Gaithersburg, USA

Micromagnetic simulations present a trade-off between precision and resources devoted to the
task. Understanding the relative origins of errors is needed to allocate resources to the most
efficient production of any desired precision. In this talk I will present work aimed at quan-
titative determination of errors in numerical simulations as compared to the mathematically
smooth solutions arising from the canonical micromagnetic model. To this end very finely
meshed 3D finite difference (OOMMF) simulations are run on several magnetization config-
urations (stripe domains, vortex, pseudo-single-domain). With a nominal exchange length of
5 nm, the several hundred million 0.1 cubic cells used in the simulations each span a mere
one fiftieth of the exchange length. Each equilibrium state (torque < 10−6 A/m) is lifted to
coarser resolutions and the component energy values (anisotropy, exchange, demagnetization,
Zeeman) are re-computed on the coarser meshes. The coarse sub-samplings are selected so
that the center of each coarse cell coincides with the center of a cell at the finest resolution, so
the magnetization is obtained on the coarser meshes without interpolation. Each component
value is then seen to converge as the mesh cell size is reduced, and the limit value, or the
value at the finest resolution, can be used to discern the magnitude of the error at the coarser
resolutions that are more representative of practical micromagnetic simulations.
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A mean-field model for spin dynamics in multilayered ferromagnetic media

Carlos J. Garćıa-Cervera

University of California, Santa Barbara, USA

Magnetic storage devices rely on the fact that ferromagnetic materials are typically bistable,
and that it is possible to switch between different states by applying a magnetic field. The
discovery of the Giant Magneto-Resistance effect has enabled the use of layered ferromagnetic
materials in magnetic devices, such as magnetic memories (MRAMs). Even in the absence of
thermal effects, there are limitations in the storage capacity of such devices due to the fact that
as the size is decreased, the magnitude of the switching field increases, due to an increase in
shape anisotropy. Given that magnetic fields have long range interactions, the density of such
devices is limited. A new mechanism for magnetization reversal in multilayers was proposed
by Slonczweski and Berger. In this new mechanism, an electric current flows perpendicular
to the layers. The current is polarized in the first layer, and the polarization travels with
the current to the second layer, where it interacts with the underlying magnetization. Since
currents are localized in each cell, long range effects can be reduced. In this talk we will
discuss the connection between several models for the description of the spin transfer torque
at different physical scales. Specifically, we connect the quantum and kinetic descriptions
with the help of the Wigner transform, and the kinetic and diffusion models by a specific
parabolic scaling. Numerical examples will presented to illustrate the applicability and limit
of the different models. This is joint work with Jingrun Chen and Xu Yang at UCSB.
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Nanoscale switch for vortex polarization mediated by Bloch core formation in
magnetic hybrid systems

Gino Hrkac

University of Exeter, UK

Adding new functionality to devices, which often requires precise control at the nanoscale,
has always been a driving force in research. We investigated magnetic hybrid structures and
found, after predicting it from simulations, in a collaboration with scientists at the Paul
Scherrer Institute (PSI), at the ETH Zurich (Switzerland), and in Manchester (UK), a new
way to locally switch the orientation of a magnetic feature that is smaller than 20 nm. This
discovery provides added control for future technological applications such as data processing,
microwave sources or magnetic sensors.

References

[1] P. Wohlhüter, et al., Nanoscale switch for vortex polarization mediated by Bloch core
formation in magnetic hybrid systems, Nat. Commun. 6, 7836 (2015)
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Thermodynamically-consistent mesoscopic model of the ferro/paramagnetic
transition

Martin Kruž́ık

The Czech Academy of Sciences, Prague, Czech Republic

A continuum evolutionary model for micromagnetics is presented that, beside the standard
magnetic balance laws, includes thermomagnetic coupling. To allow conceptually efficient
computer implementation, inspired by relaxation method of static minimization problems, our
model is mesoscopic in the sense that fine spatial oscillations of the magnetization are modelled
by means of Young measures. Existence of weak solutions is proved by backward Euler
time discretization. We will also present some numerical computations showing qualitative
agreement with experiments. This is a joint work with B. Benesova (Würzburg), T. Roubicek,
and J. Valdman (Prague).
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Topological solitons in chiral magnetism

Christof Melcher

RWTH Aachen University, Germany

Magnets without inversion symmetry are a prime example of a solid state system featuring
topological solitons on the nanoscale. We shall prove the existence of isolated chiral skyrmions
minimizing a ferromagnetic energy in a non-trivial homotopy class. In contrast to the classical
Skyrme mechanism from nuclear physics, the stabilization is due to an antisymmetric exchange
(Dzyaloshinskii-Moriya) interaction term of linear gradient dependence, which breaks the
chiral symmetry. We shall also discuss the dynamic stability and effective dynamics of chiral
skyrmions subject to external currents.
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Stochastic ferromagnetism

Andreas Prohl

University of Tübingen, Germany

I start with a survey of convergent discretizations for the Landau-Lifshitz-Gilbert equation.
The second part is on showing convergence for a fully discrete scheme of the stochastic coun-
terpart. The last part studies the role of noise via considering long-time distributions of
solutions in the case of finitely many particles. This is joint work with L. Banas (Bielefeld
University), Z. Brzezniak (University of York), and M. Neklyudov (University of Pisa).
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Computational challenges for micromagnetics of permanent magnets

Thomas Schrefl

Danube University Krems, Austria

Permanent magnets are essential for sustainable technologies. They form the key building
blocks for energy conversion. High performance magnets are used in wind power generators
and in hybrid and electric vehicles. Using numerical micromagnetics we want to compute
basic properties such as coercivity or energy product. However, the difference in the length
scales involved is a major challenge for developing accurate numerical solvers. (1) The grain
size is a few hundert nanometers or a few micrometers depending on the production method.
(2) The grain boundary phases or defect layers have a thickness of 2 nm or smaller. (3) The
ferromagnetic exchange length is around 2 nm for hard magnetic materials. In my talk I
will discuss three methods to treat this problem: (a) Massively parallel computation with
a fine finite element mesh. (b) Introducing an effective field term that mimics the effect of
a soft magnetic defect layer. (c) Applying the Stoner Wohlfarth model at a representative
point in the grain. For each method I will present numerical results and compare them with
experimental data. This work is supported by EU FP7 (Romeo), Austrian Science Fund
(F41), METI (MagHEM), and JST (CREST).
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Nonlinear oscillations in nanomagnets

Claudio Serpico

University of Naples Federico II, Italy

In the analytical study of spin-torque nano-oscillators, both those based on uniformly mag-
netized free layer and those with free layer in a magnetic vortex state, one is naturally led to
the derivation and the use of simplified models of self-oscillating systems. Such models can be
derived by appropriate simplification of the Landau-Lifshitz equation based on time scale sep-
aration between the fast precessional motion and slow dynamics due to nonconservative effects
such as damping and spin transfer torque. These oscillator models include universal features
such as nonlinear dependence of frequency with respect to the amplitude of oscillations, and
presence of positive and negative damping effects. In this respect, by using an appropriate
change of variables, nonlinear oscillator models can be put in standard (normal) forms. In
this work, we propose a normal form for the study of nonlinear self-oscillating systems subject
to external AC excitation. By using combined numerical and analytical techniques based on
bifurcation theories we show that the deceivingly simple structure of the nonlinear oscillator
equation actually encompasses a very rich and nontrivial bifurcation patterns which include
both local (saddle-node and Hopf) and nonlocal (homoclinic connection) bifurcations. In this
respect, while the role of local bifurcations has been studied in detail, the important role
of homoclinic phenomena in synchronization problems have been largely overlooked. In this
work, the full range of possible bifurcations of the standard nonlinear oscillator model is stud-
ied. The various regimes in the control plane (frequency, AC magnitude) are identified by
means of a bifurcation diagram. This enables one to have a comprehensive understanding of
phase-locking and nonlinear resonance phenomena. The relevance of this analysis in the area
of spin-torque nano-oscillators is discussed.
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On the weak solutions to the Landau-Lifshitz equations

Franck Sueur

University of Bordeaux, France

In this talk I will deal with weak solutions to the Maxwell-Landau-Lifshitz equations. First
these solutions satisfy some weak-strong uniqueness property. Then I will investigate the
validity of energy identities. In particular I will give a sufficient condition on the regularity
of weak solutions to rule out anomalous dissipation. This condition corresponds to the same
heuristic scaling as the one introduced by Onsager in hydrodynamic theory. Finally I will
examine the sign, locally, of the anomalous dissipations of weak solutions obtained by some
natural approximation processes. This is a joint work with Eric Dumas.
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Solutions to the stochastic Maxwell-Landau-Lifshitz-Gilbert equations

Thanh Tran

The University of New South Wales, Sydney, Australia

The Landau-Lifshitz-Gilbert equation (LLGE) is a well-known model for magnetisation. In
a ferromagnetic material, magnetisation is created or affected by external electro-magnetic
fields. It is therefore necessary to augment the Maxwell system with the LLGE, which de-
scribes the influence of ferromagnet. Thermal noise plays a significant role as it can reverse
magnetisation. There is a need to study the stochastic LLGE coupled with the Maxwell
system. In this talk we will discuss different approaches to tackle the coupled system.
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CONTRIBUTED POSTERS

Emergence of transverse magnetization component in inverse opals:
micromagnetic and experimental study

Ilya S. Dubitskiy1,2, Arseny V. Syromyatnikov1,2, Natalia A. Grigoryeva1, Alexander A.
Mistonov1,2, Ivan S. Shishkin1,2, and Sergey V. Grigoriev1,2

1 Saint Petersburg State University, Russia
2 Petersburg Nuclear Physics Institute, Gatchina, Russia

Ground state degeneracy and presence of magnetic monopoles in artificial spin ices lead to
some unusual properties in these systems [1]. Artificial spin ices usually consist of ordered
single-domain ferromagnetic nanoparticles which form 2D arrays. It was proposed recently
that three-dimensional (3D) inverse opal-like structure (IOLS) made from ferromagnetic ma-
terial can be the first realization of 3D spin-ice system [2]. IOLS can be made from colloidal
crystals by filling the voids between microspheres which form colloidal crystal with some ma-
terial (for example Nickel or Cobalt). Microspheres can be dissolved after it. Inverse opals
can be considered as 3D network of nanoobjects which connected with each by thin elongated
crosspieces (‘legs’). If legs possess sufficient shape anisotropy their magnetic moments can be
considered to be Ising-like. In this case energy minimum corresponds to the state which can
be described by the spin ice rule. Spin ice rule validity in inverse opals leads to some unusual
properties. For instance if one applies external magnetic field along [121] crystallographic
direction then the component of magnetization which is perpendicular to external magnetic
field arises. We try to verify this statement by micromagnetic modelling of magnetization
distribution in IOLS together with magnetic force microscopy (MFM) studies of its surface.
Results of micromagnetic modelling confirm the validity of spin ice rule in inverse opals. We
also calculate the value of magnetization perpendicular component. MFM investigation of
inverse opals surface was in turn successfully treated within the framework of the spice ice
rule.

References

[1] C. Nisoli, R. Moessner, and P. Schiffer, Colloquium: Artificial spin ice: Designing and
imaging magnetic frustration, Rev. Mod. Phys. 85, 1473 (2013).

[2] A. A. Mistonov, et al., Three-dimensional artificial spin ice in nanostructured Co on an
inverse opal-like lattice, Phys. Rev. B 87, 220408(R) (2013).
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Stochastic control of magnetization dynamics

Thomas Dunst and Andreas Prohl

University of Tübingen, Germany

Ferromagnetic N -spin dynamics at elevated temperatures are controlled by minimizing a
quadratic functional subject to the stochastic Landau-Lifshitz-Gilbert equation. Existence of
a weak solution of the stochastic optimal control problem with control constraints is shown.
The related first order optimality conditions consist of a coupled forward-backward SDE
system, which is numerically solved by a structure-inheriting discretization, the least squares
Monte-Carlo method to approximate related conditional expectations, and the stochastic
gradient descent method.
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Efficient thermal energy harvesting using nanoscale magnetoelectric
heterostructures

Seyyed R. Etesami and Jamal Berakdar

Martin Luther University Halle-Wittenberg, Germany

Exploiting pyroelectric effect, one can convert heat into electricity exploiting the fact that
ferroelectric hysteresis loops depend on temperature [1]. This topic dates back to more than
half a century ago. With new advances in material engineering it is worthwhile to revisit this
problem. Here we show that utilizing the magnetoelectric coupling it is possible to increase the
efficiency of such engines by a magnetic field. We focus on prototypical Co/BTO heterostruc-
ture and show that multiferroic working substances are potentially much more superior to
sole ferroelectrics as far as thermal energy harvesting using pyroelectric effect is concerned.
The current study of using magnetoelectric coupling to affect the pyroelectric effect is, to our
knowledge, the first of its kind. However, in spirit, it is similar to the experiment using only
FE material in [2] and using compressive stress. Our theoretical predictions are based on a
combination of Landau-Khalatnikov-Tani approach (with a Ginzburg-Landau-Devonshire po-
tential) to simulate the polarization dynamics coupled to the magnetization dynamics. The
latter is treated via the electric-polarization-dependent Landau-Lifshitz-Gilbert equation [3].
Our proposal holds promise not only for low-energy consuming devices but also for cooling
technology.

References

[1] R. B. Olsen, Ferroelectric conversion of heat to electrical energy: A demonstration, J. of
Energy 6, 91–95 (1982).

[2] I. M. McKinley, F. Y. Lee, and L. Pilon, A novel thermomechanical energy conversion
cycle, Applied Energy 126, 78–89 (2014).

[3] S. R. Etesami and J. Berakdar, Efficient thermal energy harvesting using nanoscale mag-
netoelectric heterostructures, arXiv:1602.00433 (2016).
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Excitation of spin waves beams in micromagnetic simulations

Pawel Gruszecki and Maciej Krawczyk

Adam Mickiewicz University in Poznań, Poland

The discovery of collimated coherent light source, lasers, was a milestone in physics from
both research and application point of view. Lasers emit coherent light with very low di-
vergence, what means that light propagates collimated for a long distance from the emission
point. Within so-called Rayleigh range, beam can be as a superposition of the plane waves of
electromagnetic radiation and its intensity profile can be described using a Gaussian distribu-
tion. Such kind of beams is called Gaussian beam. In magnonics, the magnetic counterpart
of photonics, spin waves (SWs) instead of electromagnetic waves are used as an information
carrier, the lack of efficient spin waves beam sources is significant limitation. Spin waves are
propagating collective disturbances of the magnetization and can be excited for instance by
a dynamic magnetic field. The magnetic field, which oscillates in the plane perpendicular
to the direction of the static magnetization, exerts a torque on the magnetization. That
torque induces coherent magnetization precession around the equilibrium direction and these
disturbances can propagate in form of SWs. The magnetic field frequency determines the
frequency of excited SWs. The spatial profile of the magnetic field determines SWs excitation
efficiency and direction of SWs propagation. Here, with the use of micromagnetic simula-
tions, we exploit these properties to show how by design a profile of the dynamic magnetic
field amplitude we can mold an envelope of the generated SWs, and to demonstrate excita-
tion of the SW beams. This work was supported in part by Polish National Science Centre
project DEC-2-12/07/E/ST3/00538 and by European Union’s Horizon 2020 programme Marie
Sk lodowska-Curie GA No 644348 (MagIC). P.G. also acknowledges support from the Adam
Mickiewicz University Foundation.
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Stochastic optimal control in ferromagnetism

Ananta K. Majee1 , Andreas Prohl1 , and Guy Vallet2

1 University of Tübingen, Germany
2 University of Pau and Pays de l’Adour, France

We are mainly concerned with the study of an optimal control problem for the stochastic
Landau-Lifshitz-Gilbert equation on a bounded domain in Rd (d = 1, 2, 3). Using certain
compactness of the space of Young measures on a suitable space of control sets, we establish
existence of a relaxed control process solution in weak formulation. As the control acts in
the equation linearly, we finally establish existence of an optimal control solution for the
underlying problem.
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Characterization of the spin wave properties in magnonic crystal films with
Dzyaloshinskii-Moriya interactions

Michal Mruczkiewicz1 and Maciej Krawczyk2

1 Slovak Academy of Sciences, Bratislava, Slovakia
2 Adam Mickiewicz University in Poznań, Poland

The time domain micromagnetic simulations are used for studying the properties of nonrecip-
rocal spin wave (SW) propagation in thin films with Dzyaloshinskii-Moriya (DM) interaction
at ferromagnetic configuration. The structure of interest is composed of magnetic material
with periodically corrugated thickness. It is a magnonic crystal (MC), where band folding
of dispersion and forbidden frequency gaps are present. The spatial dependence of SW am-
plitude is analyzed to show nonreciprocal attenuation within forbidden frequency band of
the MC. The results of micromagnetic simulations are compared with the frequency domain
calculations.
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Collective wave modes of dynamical skyrmions in magnonic crystal

Michal Mruczkiewicz1, Pawel Gruszecki2, Mateusz Zelent2, and Maciej Krawczyk2

1 Slovak Academy of Sciences, Bratislava, Slovakia
2 Adam Mickiewicz University in Poznań, Poland

We are presenting results of micromagnetic investigations on magnetization dynamics in array
consisting of nanodots in skyrmion magnetic configuration. We analyze properties of breathing
and gyrotropic skyrmion modes and we are showing that collective excitations can exist in
considered magnonic crystal. Spatial analysis of magnetization amplitude is used to confirm
the type of skyrmion mode and show its wave-like properties. Further, we perform the FFT
and present the dispersion relation of collective breathing and gyrotropic skyrmion excitations,
that exhibit properties characteristic for magnonic crystals. These high and low frequency
excitations, propagate with negative and positive group velocity, respectively.
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Magnetic domain wall dynamics: Comparison of analytical and statistical
approaches

S. Ali Nasseri1, Jasper Vandermeulen2, Gianfranco Durin1,3, Ben Van de Wiele2, and
Claudio Serpico1,4

1 ISI Foundation, Turin, Italy
2 Ghent University, Belgium

3 Istituto Nazionale di Ricerca Metrologica, Turin, Italy
4 University of Naples Federico II, Italy

Manipulating magnetic domain walls within nanostructures has potential applications in the
development of spintronic logic and storage devices [1]. Such applications have led to in-
creased interest within the scientific community in developing models which can qualitatively
or quantitatively describe domain wall motion under applied fields and currents. The main
analytical model for analyzing the motion of magnetic domain walls is the 1-D model, either
in its rigid [2, 3] or tilted forms [4]. While these models work well under some conditions,
they fail to properly describe domain wall motion in other situations, such as when in-plane
fields are applied to the system. In this poster, we present a model derived using a Lagrangian
approach based on four collective coordinate of the domain wall which could be used to de-
scribe domain wall dynamics. We then compare this model to a model derived from statistical
analysis on the Landau-Lifshitz-Gilbert equations [5], shedding light on some of the possible
reasons for the inaccuracies in analytical models for domain wall motion.

References

[1] A. Hirohatal and K. Takanashi, Future perspectives for spintronic devices, J. Phys. D:
Appl. Phys. 47, 193001 (2014).

[2] J. C. Slonczewski, Dynamics of magnetic domain walls, AIP Conference Proceedings 5,
170–174 (1972).

[3] A. Thiaville and Yoshinobu Nakatani, Domain wall dynamics in nanowires and nanostrips,
in B. Hillebrands and A. Thiaville (Eds.): Spin Dynamics in Confined Magnetic Structures
III, Topics Appl. Physics 101, 161–205 (2006).

[4] O. Boulle, et al., Domain wall tilting in the presence of the Dzyaloshinskii-Moriya in-
teraction in out-of-plane magnetized magnetic nanotracks, Phys. Rev. Lett. 111, 217203
(2013).

[5] J. Vandermeulen, et al., A collective coordinate approach to describe magnetic domain
wall dynamics applied to nanowires with high perpendicular anisotropy, J. Phys. D: Appl.
Phys. 48, 035001 (2015).
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Coupling and numerical integration of the Landau-Lifshitz-Gilbert equation

Dirk Praetorius, Michele Ruggeri, and Bernhard Stiftner

TU Wien, Austria

The nonlinear Landau–Lifshitz–Gilbert (LLG) equation models the dynamics of the magne-
tization in ferromagnetic materials. Numerical challenges arise from strong nonlinearities, a
nonconvex pointwise constraint which enforces length preservation, and the possible nonlin-
ear coupling to other PDEs. We discuss numerical integrators, based on lowest-order FEM in
space that are proven to be unconditionally convergent towards a weak solution of the prob-
lem. Emphasis is put on an effective numerical treatment, where the time-marching scheme
decouples the numerical integration of the coupled equation. As an example, we consider the
nonlinear coupling of the LLG equation with a diffusion equation which models the evolution
of the spin accumulation in magnetic multilayers in the presence of electric current.

References

[1] C. Abert, et al., Spin-polarized transport in ferromagnetic multilayers: An unconditionally
convergent FEM integrator, Comput. Math. Appl. 68, 639–654 (2014)

[2] C. Abert, et al., A three-dimensional spin-diffusion model for micromagnetics, Sci. Rep.
5, 14855 (2015)

[3] C. J. Garćıa-Cervera and X.-P. Wang, Spin-polarized currents in ferromagnetic multilay-
ers, J. Comput. Phys. 224, 699–711 (2007)

[4] M. Ruggeri, et al., Coupling of dynamical micromagnetism and a stationary spin drift-
diffusion equation: A step towards a fully self-consistent spintronics framework, Physica
B (2015) DOI:10.1016/j.physb.2015.09.003
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Micromagnetic simulation of bubble domain wall dynamics in the presence of
Dzyaloshinskii-Moriya interaction

Bhaskarjyoti Sarma1,2, S. Ali Nasseri1,2, Jasper Vandermeulen3, Ben Van de Wiele3, and
Gianfranco Durin1,4

1 ISI Foundation, Turin, Italy
2 Politecnico di Torino, Turin, Italy

3 Ghent University, Belgium
4 Istituto Nazionale di Ricerca Metrologica, Turin, Italy

In the recent years, study of magnetic domain wall dynamics in ultra-thin films with perpen-
dicular magnetic anisotropy have catched the attention of the researchers due to its thinner
domain walls compared to the domain walls in an in-plane magnetization system, thereby
enabling us to drive the domain walls with higher speed at a lower driving force. The pres-
ence of Dzyaloshinskii-Moriya interaction (DMI) in the hetero-structures with ferromagnetic
and heavy metal underlayer, modifies the type of the domain walls in the ferromagnetic layer
and hence its dynamics. A magnetic bubble-domain nucleated in such a system with perpen-
dicular magnetic anisotropy and DMI expands symmetrically in the presence of an external
perpendicular magnetic field. However, under the application of an in-plane magnetic field
along-with the perpendicular field, the bubble-domain expands asymmetrically [1]. This be-
havior has been exploited in order to estimate the value of the DMI present in the system [2].
In this work, we have studied the dynamics of the magnetic bubble domains in such a system
under the application of a (i) perpendicular magnetic field and (ii) both perpendicular and
an in-plane field using the micromagnetic simulation tool Mumax3. This study can help us
to understand the effect of DMI on the dynamics of the bubble domain wall.
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Micromagnetic simulations of ferromagnetic resonance in Fe/FexOy-nanocubes

Alexander Schäffer, Alexander Sukhov, and Jamal Berakdar

Martin Luther University Halle-Wittenberg, Germany

Ferromagnetic resonance (FMR) technique is one of the most powerful tools to study mate-
rial magnetic properties and the associated dynamic behavior. Since the characteristics of
magnetic structures on the nanoscale typically strongly differ from the bulk ones, this tech-
nique can be used to uncover those differences and obtain a deeper insight into the interaction
mechanisms. An outstanding example are cubic Fe/FexOy nanoparticles (edge length about
40 nm) [1] that can be controllable placed on a nonmagnetic substrate, allowing thus a re-
duction of the parameter space in the interpretation of resonance spectra. Theoretically, a
macrospin approximation is a good starting point in explaining of multiple peaks observed in
experiments [2], however, to understand the system in its entirety the modeling of the FMR-
behavior of single nanocubes should be accomplished. To tackle this task full micromagnetic
calculations based on the Landau-Lifshitz-Gilbert equation including indispensable long-range
dipolar interactions have been performed and the obtained results will be discussed.
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Landau-Lifshitz-Gilbert equation: Computational aspects

Christian Schellnegger and Andreas Prohl

University of Tübingen, Germany

I compare different space-time discretizations to solve the Landau-Lifshitz-Gilbert equation.
Some schemes require nonlinear solvers, and mesh constraints to handle discrete blow-up
dynamics. I report on numerical artefacts for the different schemes and discuss (space-)time
adaptivity to essentially avoid restrictive mesh constraints.
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This present study reports on the role of the long-range magnetic dipoledipole interaction
(DDI) evidenced by ferromagnetic resonance (FMR) spectra for the ordered arrays of cubic
nanoparticles. We consider the nanoparticles in the macrospin approximation. It is shown
that the size of the array controls the stability of the system, allowing to suppress the inter-
mittent low-field excitations starting from the arrays formed by 6×6 nanoparticles. From the
numerical simulations of the Landau-Lifshitz-Gilbert equations we determine the threshold
inter-particle distance (around 80÷100 nm), after which the DDI becomes negligible so that
the FMR spectrum of the nanoparticle arrays becomes identical with the spectrum featured
by a single nanoparticle. Our simulations are compared with experimental FMR-spectra of
24 Fe/FexOy-nanocubes irregularly placed on a substrate.
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Micromagnetic simulations on the grain shape effect in Nd-Fe-B magnets

Min Yi and Bai-Xiang Xu

TU Darmstadt, Germany

Nd-Fe-B permanent magnets require numerical simulation as a powerful tool for their efficient
design. In this poster, micromagnetic simulations are performed to study the effect of grain
shape on the coercivity and its mechanism in Nd-Fe-B magnets. The simulations are inspired
from the microstructural features in grain boundary diffusion processed Nd-Fe-B magnets.
We investigate the single ellipsoid grain and the single prism grain with triangular, rectangu-
lar, hexagonal, and circular sections. A fictitious material layer covered on the single grain
surface is used to simulate the defect or soft region in Nd-Fe-B. The magnetic properties of the
fictitious layer are given artificially or from first principles calculations. The thickness of the
fictitious layer is found to notably influence the coercivity of Nd-Fe-B. The grain shape has
significant effect on the coercivity of and the ellipsoid shape can achieve much higher coerciv-
ity. The effect of the aspect ratio of ellipsoid with constant volume is also studied. Meanwhile,
based on the nucleation model, we investigate how the grain shape affects the temperature co-
efficient of coercivity and the effective demagnetization factor. Finally, a multigrain ensemble
containing above-mentioned single grains is constructed to show the effect of magnetostatic
interaction. It is anticipated that this simulation work can provide useful information on
tailoring the grain shape to achieve high coercivity in Nd-Fe-B magnets.
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Investigations of magnetization reversal in periodic arrays of wave-like Py
nanostructures

Mateusz Zelent1, Nadeem Tahir2, Pawel Gruszecki1, Maciej Krawczyk1, Ryszard Gieniusz2,
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Magnetization reversal behaviour in periodic arrays of complex antidots lattices (ADLs) based
on Ni80Fe20 films of 10 nm thickness was investigated by experimental methods and micro-
magnetic simulations. Simulations have been prepared in Mumax3 which is an efficient tool
for the calculation of static and dynamics of magnetization in nanostructures. Mumax is a
GPU-accelerated software for time-dependent solving Landau-Lifshitz equations with finite
difference method. Three samples with different patterns have been studied, starting with
the basic (unit) structure, an array of circular antidots in the square lattice, through a more
complex system like bi-component ADL (created by inclusion of additional small hole in a
center of the square unit cell) and wave-like pattern formed by connections between small
and big holes. From experimental and simulation results we found easy and hard axis which
define directions of high and low coactivity fields in remagnetization process. For the sim-
plest pattern, square ADL, we found two easy axis directions along next-nearest holes with
remarkable increase of Hc with respect to the plain film. For bi-component ADL, we found
additional two easy axis along nearest holes of the same size. In the wave-like pattern we
found only one direction of the low coercive field when the external magnetic field is close to
perpendicular direction of the wave-like patterns.
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