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In the past several years, there has been tremendous progress in the field of magnetic 
skyrmions, and the sub-field skyrmionics is beginning to emerge from these studies. The 
field is mainly driven by (1) discovery of new materials hosting skyrmions, (2) observation 
of novel properties of skyrmions, (3) conceptual developments of new skyrmion-based 
devices. Many new skyrmion-hosting systems have been discovered including 
multiferroics, inversion-symmetric magnets and heterostructures. Skyrmions in these 
materials couple to various external stimuli like electromagnetic fields, elasticity, and 
exhibit novel properties, which are awaiting to be exploited for device applications. On the 
theory side, better understanding of the skyrmion stabilization mechanisms, skyrmion-
magnon/phonon/electric current coupling and skyrmion dynamics has been achieved. At 
the same time, the generation, manipulation and imaging of skyrmions in heterostructures 
have been demonstrated. Meanwhile, new challenges have emerged: (1) optimization 
and control of skyrmion properties, including size, helicity, lattice constant to make them 
suitable for device applications; (2) quantitative multiscale modeling of skyrmion 
materials; (3) development of new spectroscopy methods to characterize and image the 
skyrmion phase. With these developments and emergent challenges, it is timely to bring 
active researchers in this field together to discuss the materials, phenomena and future 
application challenges. 
 
This workshop is aimed at providing a platform for exchanging ideas among researchers 
specialized in material synthesis, characterization, modeling and device applications. To 
reach out to the students and junior researchers, invited speakers are recommended to 
prepare the presentation in a pedagogical way. We will arrange talks and prominent 
poster sessions for student and junior researchers. 
 
Topics to be covered during the workshop:  

(a) new skyrmion magnetic materials and the stabilization mechanism  
(b) skyrmion dynamics 
(c) skyrmion at interface 
(d) application of skyrmions 

 
Program Committee: 

Markus Garst, TU Dresden 
Marc Janoschek, Los Alamos National Laboratory 
Shizeng Lin, Los Alamos National Laboratory 
Ivar Martin, Argonne National Laboratory 
Filip Ronning, Los Alamos National Laboratory 
Avadh Saxena, Los Alamos National Laboratory 
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Schedule of Events 
 
Monday August 7, 2017 
8:00 - 9:00  Breakfast 
9:00 - 9:10 Marc Janoschek (Los Alamos 

National Lab, US) 
Welcome and Introduction 

Session chair Marc Janoschek (Los 
Alamos National Lab, US) 

New Mechanism for Skyrmion 
Stabilization   

9:10 - 9:45 Tsuyoshi Okubo (University 
of Tokyo, Japan) 

Multiple-q States and Skyrmion 
Lattice in Frustrated Spin Systems 

9:45 - 10:20 Maxim Mostovoy (University 
of Groningen, Netherlands) 

Stability, Dynamics and 
Ferroelectric Properties of 
Magnetic Skyrmions 
 

10:20 - 10:50  Break 
10:50 - 11:25 Cristian D. Batista 

(University of Tennessee, 
US) 

Skyrmions, Vortices and Other 
Noncoplanar Phases in Frustrated 
Mott Insulators 

11:25 - 12:00 Stefan Blügel (Peter 
Grünberg Institute, Germany) 

Proposal of a Skyrmion-
Antiskyrmion Racetrack Memory in 
Rank-1 DMI Materials 

12:00 - 2:00  Lunch 
Session chair Axel Hoffmann (Argonne 

National Lab, US) 
Skyrmion Dynamics and 
Manipulation I 

2:00 - 2:35 Hector Ochoa (UCLA, US) Dynamics and Hall Effect of 
Quantum Skyrmions 

2:35 -3:10 Felix Rucker (Technische 
Universität München, 
Germany) 

Exploration of Spin Transfer 
Torque Effects in Mn1-xFexSi in 
Transport and Susceptibility 
Studies 

3:10 - 3:30  Break 
3:30 - 4:05 Siracusano Giulio 

(Giulio Siracusano, Italy) 
Stabilization, Nucleation and 
Manipulation of Radial Vortices 
and Skyrmions 

4:05 - 4:40 Shinichiro Seki (RIKEN, 
Japan) 
 

Magnetoelectric Dynamics of 
Skyrmions 

4:40 - 5:15 Stavros Komineas (University 
of Crete, Greece) 

Dynamics of Skyrmions in Chiral 
Ferromagnets 

 
Tuesday, August 8, 2017 
8:00 - 9:00  Breakfast 
Session chair Stefan Blügel (Peter 

Grünberg Institute, 
Germany) 

Skyrmions at Surfaces and 
Interfaces 
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9:00 - 9:35 Mohit Randeria (Ohio State 
University, US) 

Skyrmions in Magnets with Broken 
Bulk and Surface Inversion 
Symmetry 

9:35 - 10:10 Eric Fullerton (UCSD, US) Materials Optimization to Form 
Skyrmion and Skyrmion lattices 

10:10 - 10:40  Break 
10:40 - 11:15 Axel Hoffmann (Argonne 

National Lab, US) 
Manipulating Room Temperature 
Magnetic Skyrmions 

11:15 - 11:50 Katharina Zeissler (University 
of Leeds, UK) 

Single Skyrmion Detection Using 
Electrical Transport in Pt/Co/Ir 
Multilayer Disc 

11:50 - 2:00  Lunch 
Session chair Mohit Randeria (Ohio State 

University, US) 
Skyrmions in Low Dimensions 

2:00 - 2:35 Fengyuan Yang (Ohio State 
University, US) 
 

Robust Zero-Field Skyrmion 
Formation in FeGe Epitaxial Thin 
Films 
 
 
 

2:35 -3:10 Jiadong Zang (University of 
New Hampshire, US) 

Topological Spin Textures in 
Nanodisks 
 

3:10 - 3:30  Break 
3:30 - 4:05 Geoffrey Beach (MIT, US) Room temperature magnetic 

skyrmions in engineered metallic 
heterostructures 

4:05 - 6:00  Poster session 
6:00   Banquet 

 
Wednesday, August 9, 2017 
8:00 - 9:00  Breakfast 
Session chair Ivar Martin (Argonne 

National Lab, US) 
Imaging of Skyrmions and the 
Underlying Magnetic 
Interactions 

9:00 - 9:35 Gong Chen (UC Davis) Detecting and Tailoring Chiral Spin 
Textures in the Presence of 
Interfacial DMI 
 

9:35 - 10:10 Peter D. Hatton (Durham 
University, UK) 

Soft X-ray Diffraction Studies of 
Skyrmions 
 

10:10 - 10:40  Break 
10:40 - 11:15 David M Fobes (Los Alamos 

National Lab, US) 
Spin Excitations of the Skyrmion 
Lattice in MnSi 
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11:15 - 11:50 Ted Monchesky (Dalhousie 
University, Canada) 

Chiral Magnetic States in MnSi 
Thin Films 
 

11:50 - 2:00  Lunch 
Session chair Avadh Saxena (Los Alamos 

National Lab, US) 
Skyrmion Dynamics and 
Manipulation II 

2:00 - 2:35 Karin Everschor-Sitte 
(Johannes Gutenberg 
Universität, Germany) 

Magnetic Skyrmions in Two 
Dimensions:  Their Creation and 
Possible New Applications 
 

2:35 -3:10 Henrik M. Ronnow (Swiss 
Federal Institute of 
Technology in Lausanne, 
Switzerland) 

Electric Field Control of Skyrmions 

3:10 - 3:30  Break 
3:30 - 4:05 Mathias Kläui (University of 

Mainz, Germany) 
Topological Spin Dynamics 

4:05 - 4:40 Charles Reichhardt (Los 
Alamos National Lab, US) 

Fluctuations and Noise Signatures 
of Driven Magnetic Skyrmions 

 
Thursday, August 10, 2017 
8:00 - 9:00  Breakfast 
Session chair Geoffrey Beach (MIT, US) Skyrmion in B20 Materials 

9:00 - 9:35 Boris Maiorov (Los Alamos 
National Lab, US) 

Elasticity of MnSi on the Skyrmion 
Phase in Static and Dynamic 
conditions 

9:35 - 10:10 Fumitaka Kagawa (RIKEN, 
Japan) 

Current-Induced Viscoelastic 
Topological Unwinding of 
Metastable Skyrmion Strings 
 

10:10 - 10:40  Break 
10:40 - 11:15 Alfonso Chacon Roldan 

(Technische Universität 
München, Germany) 

Stability of Skyrmions in Chiral 
Magnets 

11:15 - 11:50 Jian-Xin Zhu (Los Alamos 
National Lab, US) 

First-Principles Simulations and 
Low-Energy Effective Modeling of 
Skyrmion in Noncentrosymmetric 
B20 Compounds 
 

11:50 - 2:00  Lunch 
Session chair Markus Garst (TU Dresden) Skyrmion-Like Excitations and 

Coupling to Non-Magnetic 
Degrees of Freedom 
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2:00 - 2:35 Pablo García-Fernández 
(Universidad de Cantabria, 
Spain) 

Second-Principles Simulations of 
Counter-Rotating Vortices Pairs in 
PbTiO3/SrTiO3 Superlattices 
 

2:35 -3:10 Ramamoorthy Ramesh 
(University of California at 
Berkeley, US) 

Emergent Phenomena in Oxide 
Superlattices 

3:10 - 3:30  Break 
3:30 - 4:05 Alois Loidl (Universität 

Augsburg, Germany) 
Skyrmions with Ferroelectric 
Polarization in Multiferroic Lacunar 
Spinels 

4:05 - 4:40 Ying Zhang (Chinese 
Academy of Science, China) 

Topological Biskyrmions and the 
Manipulation Behavior in MnNiGa 
magnet 

4:40 - 5:15 Satoru Hayami (Hokkaido 
University, Japan) 

Vortex and Skyrmion Crystals in 
Frustrated Itinerant Magnets  
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Multiple-q states and skyrmion lattice in frustrated spin systems 
 
Tsuyoshi Okubo  
Department of Physics, University of Tokyo 
 
Hikaru Kawamura,  
Department of Earth and Space Science, Osaka University 
 
Ordering of geometrically frustrated magnets has attracted recent interest. Frustrated 
interactions often introduces novel magnetic orders forming non-collinear or non-
coplanar spin structures. The antiferromagnetic (AF) Heisenberg model on the two-
dimensional triangular lattice is a typical example of geometrically frustrated magnets. 
When AF nearest-neighbor interaction only, the ground state of this system is the 120 
degree structure, which is commensurate to the underlying lattice. In contrast, when 
further-neighbor interaction becomes dominant, the ground state often takes an 
incommensurate spiral structure. In such a situation, the ground state generally 
possesses a three-fold degeneracy with respect to the choice of three equivalent 
directions of wavevectors on the lattice. In the case of the classical J1-J3 model which 
has the ferromagnetic nearest-neighbor interaction J1 and the antiferromagnetic third 
neighbor interaction J3, it is known that the system exhibits a first-order phase transition 
at a finite temperature associated with a breaking of such three-fold lattice symmetry [1]. 
 
In this talk we discuss the ordering of the J1-J3 model under magnetic fields 
investigated by a mean-field analysis and a Monte Carlo simulation [2]. We find that the 
T-H phase diagram containing not only a usual single-q state but also several types of 
multiple-q states where several wavevectors coexist. Interestingly, in the triple-q state, 
which is stabilized at intermediate magnetic fields, the spin configuration just 
corresponds to the skyrmion lattice recently discussed in conjunction with several 
ferromagnetic compounds with the anti-symmetric Dzyaloshinskii-Moriya (DM) 
interaction. In contrast to the skyrmion lattice stabilized by DM interactions, the 
skyrmion lattice of the present model is realized via a frustrated symmetric exchange 
interaction, which enables both skyrmions and anti-skyrmions and gives rise to a new Z 
phase, a domain state consisting of skyrmion and anti-skyrmion lattices. 
  
[1] R. Tamura and N. Kawashima, J. Phys. Soc. Jpn. 77, 103002 (2008). 
[2] T. Okubo, S. Chung, and H. Kawamura, Phys. Rev. Lett. 108, 017206 (2012). 
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Stability, dynamics and ferroelectric properties of magnetic 
skyrmions 
 
Maxim Mostovoy  
Zernike Institute for Advanced Materials, University of Groningen 
 
Skyrmions form an important class of topological defects in ordered states with a vector 
order parameter.  Their non-trivial topology is a source of rich and interesting physics. 
Magnetic skyrmions have been recently observed in chiral magnets, such as the 
ferromagnetic metal, MnSi, and ferrimagnetic insulator, Cu2OSeO3. Berry phase 
acquired by electrons and magnons propagating through the non-coplanar skyrmion 
spin configuration gives rise to complex coupled dynamics of charges and spins 
mediated by effective gauge fields. Low critical currents needed to manipulate 
skyrmions opened a new active field of research - skyrmionics, which has a goal of 
developing skyrmion-based magnetic memory and data processing devices. 
 
It was shown theoretically that isolated skyrmions, skyrmion crystals and other unusual 
multiply periodic states can exist in magnets with conventional centrosymmetric lattices 
where they are stabilized by competing exchange interactions [1-4]. Non-collinear 
magnetic orders in frustrated magnets spontaneously break inversion symmetry and 
induce an electric polarization. In my talk I will discuss stability and dynamics of 
skyrmions and half-skyrmions near the Lifshitz point as well as their ferroelectric 
properties which make possible to control these topological defects with an applied 
electric field. 
  
[1] T. Okubo, S. Chung and H. Kawamura,  Phys. Rev. Lett. 108, 017206 (2012) . 
[2] A. O. Leonov and M. Mostovoy, Nature Communications 6, 8275 (2015); 8, 14394 
(2017). 
[3] S. Hayami, S.-Z. Lin, and C. D. Batista, Phys. Rev. B 93, 184413 (2016). 
[4] Y. A. Kharkov, O. P. Sushkov and M. Mostovoy, arXiv:1703.09173 
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Skyrmions, Vortices and Other Noncoplanar Phases in Frustated Mott 
Insulators 
C. D. Batista1, Satoru Hayami2, Yoshitmo Kamiya3 and S-Z. Lin4 
Department of Physics and Astronly, University of Tennessee, Knoxville, TN, USA 
Department of Physics, Hokkaido University, Sapporo, Japan 
Condensed Matter Theory Laboratory, RIKEN, Wako, Saitama 351-0198, Japan 
Los Alamos National Laboratory, NM, USA 
 
I will discuss different mechanisms for the stabilization of multiple- modulated 
structures, such as skyrmion and vortex crystals, in frustrated magnets. We will see that 
the triangular lattice (and any other invariant lattice) provides a simple realization of a 
high-symmetry system with six equivalent orientations for the helical ordering. This 
symmetry allows for anharmonic interactions between triple- modulations and the 
uniform magnetization induced by external field because  [1]. Indeed, classical Monte 
Carlo simulations of a frustrated  classical Heisenberg model on a triangular lattice 
revealed a skyrmion crystal at finite temperature and magnetic field [2].  The origin of 
this phase is very different from the skyrmion crystals that emerge in chiral magnets out 
of the competition between Dzyaloshinskii-Moriya (DM) and ferromagnetic exchange 
interactions [3-5]. Moreover, because the chiral and U(1) symmetries are spontaneously 
broken in non-chiral magnets, their metastable single skyrmions have different 
properties [6-8].  
In this presentation, I will discuss the role of symmetric exchange anisotropy and charge 
fluctuations on the stabilization of magnetic skyrmion and vortex crystals. We will see 
that both mechanisms provide efficient ways of stabilizing multiple- orderings. We will 
also see that non-magnetic impurities can induce magnetic vortices (merons) above the 
saturation field of frustrated Mott insulators [9] and stabilize skyrmion and vortex 
crystals below the saturation field [10,11]. 
 
References 
[1] T. Garel and S. Doniach, Phys. Rev. B 26, 325 (1982). 
[2] T. Okubo, S. Chung, and H. Kawamura, Phys. Rev. Lett. 108, 17206 (2012). 
[3] A. N. Bogdanov and D. A. Yablonskii, Sov. Phys. JETP 68, 101 (1989). 
[4] A. Bogdanov and A. Hubert, Journal of Magnetism and Magnetic Materials 138, 255 
(1994). 
[5] U. Rößler, A. Bogdanov, and C. Pfleiderer, Nature 442, 797 (2006). 
[6] A. O. Leonov and M. Mostovoy, Nature Communications 6, 8275 (2015). 
[7] S.-Z. Lin and S. Hayami, Phys. Rev. B 93, 064430 (2016). 
[8] S. Hayami, S.-Z. Lin, and C. D. Batista, Phys. Rev. B 93, 184413 (2016). 
[9] Shi- Zeng Lin, Satoru Hayami and C. D. Batista, Phys. Rev. Lett. 116, 187202 
(2016). 
[10] C. D. Batista, S.-Z. Lin, S. Hayami and Y. Kamiya, Rep. Prog. Phys. 79, 084504 
(2016). 
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Proposal of a Skyrmion-Antiskyrmion racetrack memory in rank-1 DMI 
materials 
 
Markus Hoffmann1, Bernd Zimmermann1, Gideon P. Müller1,2, Nikolai S. Kiselev1, 
Christof Melcher3, Stefan Blügel1,* 
1. Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum 
Jülich and JARA, 52425 Jülich, Germany 
2. Science Institute of the University of Iceland, VR-III, 107 Reykjavík, Iceland 
3. Department of Mathematics I & JARA FIT, RWTH Aachen University, 52056 Aachen, 
Germany 
*Corresponding author: s.bluegel@fz-juelich.de 
 
The research on skyrmions – localized two-dimensional topological magnetization 
solitons – focused mainly on Bloch-type skyrmions in B20 alloys with cubic symmetry 
and Néel-type skyrmions stabilized by (111) oriented interfaces compatible with the 
growth mode introduced by sputtering techniques. Considering the micromagnetic 
theory both belong to the same equivalence class as in both types of systems, the 
Dzyaloshinskii-Moriya (DM) spiralization tensor D is characterized by a single parameter 
and both lie in the same orbit generated by a O(2) rotation symmetry. Also, 
antiskyrmions lie in this orbit but for solids of different symmetries e.g. D2d symmetry. 
In a recent work [1] we extended the scope of skyrmions and antiskyrmions, and 
introduced a classification scheme partitioning chiral magnets into isotropic rank-three 
DM bulk and rank-two DM film magnets, with a DM interaction described, as above, by 
a single spiralization constant, for which antiskyrmions are stable only for bulk crystals 
with certain point group symmetries. Newly introduced are the anisotropic rank-two DMI 
film magnets, where skyrmions and antiskyrmions can coexist, while the sign of det(D) 
determines which of the two has the lower energy. Finally, zero determinant indicates a 
rank-one DMI material, for which skyrmions and antiskyrmions have the same energy. 
In this contribution, I discuss our new classification scheme and give with Fe on W(110) 
an example of an anisotropic rank-two solid, for which we conjecture the presence of 
antiskyrmions based on DFT calculations combined with atomistic spin- dynamics 
carried out with the spirit code. Finally, we discuss the potential of rank-one solids for 
the design of a race track memory based on the coexistence of skyrmions and 
antiskyrmions of the same energy [2] as an alternative to the recently suggested race-
track memory based on a combination of bobbers and skyrmions [3]. 
Acknowledgement: We acknowledge Miriam Hinzen and Hannes Jònsson for fruitful 
discussions. We acknowledge computing time on the JURECA supercomputer provided 
by the Jülich Supercomputing Centre (JSC) and funding from the European Union’s 
Horizon 2020 research and innovation programme (grant no. 665095, FET-Open project 
MAGicSky), the Icelandic Research Fund (grant no. 152483-052), Deutsche 
Forschungsgemeinschaft (DFG grant no. ME 2273/3-1) and JARA-FIT. 
 
Reference: 
[1] M. Hoffmann, B. Zimmermann, G. P. Müller, D. Schürhoff, N. S. Kiselev, Ch. 
Melcher, S. Blügel, Nature Communications, accepted (arXiv:1702.07573). 
[2] M. Hoffmann, G. P. Müller, Ch. Melcher, S. Blügel, submitted. 
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[3] Fengshan Zheng, Filipp N. Rybakov, Aleksandr B. Borisov, Dongsheng Song et al., 
submitted. 
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Dynamics and Hall effect of quantum skyrmions 
 
Hector Ochoa and Yaroslav Tserkovnyak  
University of California, Los Angeles 
  
The dynamics of magnetic skyrmions is sometimes counterintuitive due to its topological 
nature, which, on the other hand, can be exploited for technological purposes. In this 
talk, I will discuss the manifestation of this topology in the quantum regime. Specifically, 
I will consider the non-equilibrium dynamics of skyrmions when their spatial extension is 
comparable to the lattice spacing of the underlying microscopic model. The effect of the 
lattice is treated quantum-mechanically, while the driving forces are taken as classical 
perturbations, varying smoothly in the scale of the lattice. The center of the skyrmion 
can be described as a quantum particle subjected to a magnetic field commensurate 
with the lattice. I will explain how the skyrmion states with good localization properties 
can be identified with coherent superpositions of magnon bound states in a constrained 
Hilbert space. The lattice potential introduces umklapp processes, removing the 
angular-momentum degeneracy and opening gaps at the edges of the Brillouin zone. 
New quantum numbers label the state: the crystalline momentum and the band index. I 
will show that these skyrmion bands are characterized by Berry curvatures and Chern 
numbers. The former is the quantum descendant of the Magnus force, whereas the 
latter is related to the appearance of skyrmion edge-states. Within the framework of the 
wave-packet dynamics, I will study the response of a skyrmion ensemble to a thermal 
bias. The circulation of energy provided by the skyrmion states at the boundaries of the 
system gives rise to a thermal Hall response. 
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Exploration of spin transfer torque effects in Mn1-xFexSi in transport 
and susceptibility studies 
 
Felix Rucker, C. Schnarr, A. Bauer, C. Franz, R. Ritz, C.Pfleiderer 
Technische Universität München, Lehrstuhl für Topologie Korrelierter Systeme, 
Garching, Germany 
  
The interplay of conduction electrons and the Skyrmion lattice in chiral magnets results 
in a drift of the lattice above an ultra-low current density threshold jc. In MnSi, electrical 
currents driving the motion of the Skyrmion lattice, as combined with AC susceptibility 
measurements at different excitation frequencies and amplitudes, reveal that the 
threshold jc is affected strongly when a suitably chosen oscillating magnetic field is 
applied. By means of transport measurements and transverse susceptibility 
measurements we show further, that this threshold can be distinctly modified by doping 
or by the application of an oscillating magnetic field. For iron-doped Mn1-xFexSi, we find 
jc to be described in a simple manner by defect-related pinning and the size of the 
topological Hall contribution quantifying the gyromagnetic coupling between conduction 
electrons and spin structure. 
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Stabilization, Nucleation and Manipulation of Radial Vortices and 
Skyrmions 
 
Siracusano Giulio  
 
1-Department of Mathematical and Computer Sciences, Physical Sciences and Earth 
Sciences, University of Messina, Messina, Italy (*giuliosiracusano@gmail.com) 
2-Department of Electric, Electronic and Computer Engineering, University of Catania, 
Viale Andrea Doria 6, 95125 Catania, Italy 
 
Solitons are very promising for the design of the next generation of ultralow power 
devices for storage and computation. The key ingredient to achieving this goal is the 
fundamental understanding of their 
 
stabilization and manipulation. In particular, Néel skyrmions stabilized by the interfacial 
Dzyaloshinskii-Moriya Interaction (IDMI) in out-of-plane materials offer a scalability 
beyond the limit of CMOS technology for storage. However, main interesting aspect of 
skyrmions is their possible use for ICT devices such as oscillators [1] and detectors[2]. 
The oscillators can be achieved in the IDMI region parameter where the a dynamical 
skyrmion is stabilized by a dc spin-polarized current, while the unbiased detectors 
exhibit sensitivities (output voltage/input power) as larger as 2000V/W. Here, we 
discuss in details the results of micromagnetic simulations and experiments of different 
solutions for the realization of skyrmion based microwave oscillators and detectors [3].  
 
In conclusions, our findings show the potential of skyrmions for the development of a 
skyrmion based technology [4].  
 
The second part of the presentation will focus on the proprieties of radial vortices that 
can stabilized and manipulated in materials with in-plane easy axis and IDMI. In 
particular, I will discuss how the IDMI is able to lift the energy degeneracy of a magnetic 
vortex state by stabilizing a topological soliton with radial chirality. It has a non-integer 
Skyrmion number S (0.5 < S < 1) due to both the vortex core polarity and the 
magnetization tilting induced by the IDMI boundary conditions.  
 
Micromagnetic simulations predict that a magnetoresistive memory based on the radial 
vortex state in both free and polarizer layers can be efficiently switched by a threshold 
current density smaller than 106 A/cm2. The switching processes occur via the 
nucleation of topologically connected vortices and vortex-antivortex pairs, followed by 
spin-wave emissions due to vortex-antivortex annihilations. 
 
Acknowledgements 
 
The author thanks Riccardo Tomasello, Anna Giordano, Vito Puliafito, Prof. Bruno 
Azzerboni Finocchio, Prof. Ozhan Ozatay, Prof. Mario Carpentieri and Prof. Giovanni 
Finocchio for providing technical support. 
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References: 
 
[1] Carpentieri M., et al, Topological, non-topological and instanton droplets driven by 
spin-transfer torque in materials with perpendicular magnetic anisotropy and 
Dzyaloshinskii-Moriya Interaction, Sci. Rep. 5, 16184 (2015). 
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Manipulation Driven by the Dzyaloshinskii-Moriya Interaction and Spin-Transfer Torque, 
Phys. Rev. Lett. 117, 87204 (2016). 
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Magnetoelectric dynamics of skyrmions 
 
Shinichiro Seki  
RIKEN 
 
In metallic system, skyrmions interact with conduction electrons through the spin 
transfer torque and emergent electromagnetic field, enabling the nontrivial manner of 
current-driven skyrmion manipulation. However, electric current in metallic system is 
always accompanied with joule heat loss, and more efficient alternative approach is 
highly demanded. 
 
In this talk, I overview the static and dynamical responses of magnetic skyrmions 
against various external stimuli in insulating system, such as electric field, pressure and 
magnon spin current. In particular, the propagation character of spin wave in the 
skyrmion state will be discussed in detail. 
 
If time allows, I will also introduce some new materials potentially hosting unique 
topological spin textures. 
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Dynamics of skyrmions in chiral ferromagnets 
 
Stavros Komineas  
University of Crete, Greece 
 
Both a topological skyrmion with skyrmion number Q=1 and a non-topological 
skyrmionium with Q=0 are stable magnetization structures in Dzyaloshinskii-Moriya 
materials with easy-axis anisotropy. We study the dynamics of a skyrmion and a 
skyrmionium under an external field gradient as well as under spin-transfer torque. Our 
analysis is based on an important link between topology and dynamics which is 
established through the construction of unambiguous conservation laws. The non-
topological Q=0 skyrmionium is accelerated in the direction of the force thus exhibiting 
ordinary Newtonian motion. In contrast, the topological Q=1 skyrmion undergoes Hall 
motion perpendicular to the direction of the force (the field gradient) with a drift velocity 
proportional to it. When the force is switched-off the Q=1 skyrmion is spontaneously 
pinned whereas the Q=0 skyrmionium continues propagation. 
 
We study further the motion of the skyrmionium in the case of spin-transfer torque and 
observe that its velocity can be analyzed in two parts: one due to the current flow and a 
second one acquired by Newtonian acceleration. Upon switching-off the current, the first 
part of the velocity is eliminated but the skyrmionium continues its motion with the 
acquired velocity until, eventually, dissipation will cause it to come to rest. 
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Skyrmions in magnets with broken bulk and surface inversion 
symmetry 
 
Mohit Randeria  
Department of Physics, The Ohio State University 
  
I will first describe our theoretical results [1] on 3D systems that break mirror reflection 
symmetry in addition to bulk inversion. This leads to two distinct Dzyaloshinskii-Moriya 
interactions (DMI) -- Rashba DMI and Dresselhaus DMI. We show that the skyrmion 
crystal (SkX) phase occupies a larger region of the phase diagram with increasing ratio 
of Rashba to Dresselhaus DMI, extending into the regime of easy-plane anisotropy. The 
spin texture and topological charge density of easy-plane skyrmions is quite different 
from those in the easy-axis regime, and one needs a Chern number to define the 
quantized topological charge in the SkX unit cell. Next, I will describe T=0 calculations 
for B20 thin films, where we show that surface topological spin textures called chiral 
bobbers are stabilized by interface Rashba DMI [2]. Finally, I will present the results of 
extensive finite temperature Monte Carlo simulations for strict 2D and for thin film 
geometries and discuss the appearance of a high temperature skyrmion liquid phase 
[3]. 
  
[1] J. Rowland, S. Banerjee, and M. Randeria, Phys. Rev. B 93, 020404(R) (2016). 
[2] A. Ahmed, J. Rowland, B. Esser, S. Dunsiger, D. McComb, M. Randeria, R. 
Kawakami, arXiv:1706.08248. 
[3] P-K Wu, J. Rowland, Y.J. Kao, and M. Randeria (unpublished). 
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Materials optimization to form skyrmion and skyrmion lattices 
 
Eric Fullerton  
University of California San Diego 
 
There is increasing interest in materials systems where magnetic skyrmions can be 
observed.  I will discuss two materials systems where we observe chiral spin structures 
at room temperature.  The first system is ferrimagnetic Fe/Gd multilayer where we 
observe sub-100-nm skyrmions and skyrmion lattices [1-4]. However, the chirality of the 
skyrmions are random indicating they are dipole stabilized (similar to of bubble memory 
in the 1970s) as opposed to by DMI that favors a fixed chirality.  This further allows the 
formation of bi-skyrmions which result from the merging of two skyrmions of opposite 
chirality and anti-skyrmions. We find that there is a transition from stripe domains to a 
skyrmion lattice and then individual skyrmions with magnetic fields and this behavior is 
sensitive to alloy composition, film thickness, temperature, and field history and only 
emerges in a narrow range of parameters.  Using micromagnetic modeling we are able 
to quantitatively reproduce our experimental observations.  The modeling suggests that 
the domain wall is Bloch-like in the center of the films but broadens and transitions to 
more Néel-like towards the surface forming closure domains. The Bloch-like centers 
have an equal population of the two helicities while the Néel-like part of the walls will 
have the same helicity at the top of the film and the opposite helicity at the bottom of the 
film.  The modeling further suggests the existence of localized spin-wave modes that 
are dependent on the helicity of the dipole skyrmion.  The second system is Pt/Co(1.1 
nm)/Os(0.2 nm)/Pt heterostructures.  Using Kerr microscopy to observe skyrmions for a 
narrow temperature and field range.  With relatively low currents, it is possible to move 
these skyrmions both within patterned wires and full films and we further have 
observations of the skyrmion Hall effect.   
 
The research is done in collaboration with S. A. Montoya, R. Tolley, S. Couture, J. J. 
Chess, J. C. T Lee, N. Kent, D. Henze, M.-Y. Im, S.D. Kevan, P. Fischer, B. J. 
McMorran, V. Lomakin, S. Roy and S. K. Sinha and is supported by the DOE. 
 
1. J. C. T. Lee et al., Appl. Phys. Lett. 109, 022402 (2016) 
2. S. A. Montoya et al., Phys. Rev. B 95, 024415 (2017) 
3. S. A. Montoya et al., Phys. Rev. B 95, 224405 (2017). 
4. J. J. Chess et al., AIP Advances 7, 056807 (2017) 
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Manipulating Room Temperature Magnetic Skyrmions 
 
Axel Hoffmann 
Materials Science Division, Argonne National Laboratory 
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Y. Zhou,4 and S. G. E. te Velthuis,1  
1Materials Science Division, Argonne National Laboratory 
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7Department of Physics, University of California, Los Angeles 
 
Magnetic skyrmions are topologically distinct spin textures and can be stable with quasi-
particle like behavior, such that they can be manipulated with very low electric currents 
[1].  This makes them interesting for extreme low-power information technologies [2], 
where data is envisioned to be encoded in topological charges, instead of electronic 
charges as in conventional semiconducting devices.  Using magnetic multilayers we 
demonstrated that inhomogeneous charge currents allow the generation of skyrmions at 
room temperature in a process that is remarkably similar to the droplet formation in 
surface-tension driven fluid flows [3].  Micromagnetic simulations reproduce key aspects 
of this transformation process and suggest a possible second mechanism at higher 
currents that does not rely on preexisting magnetic domain structures [4].  Indeed, we 
demonstrated this second mechanism experimentally using non-magnetic point 
contacts.  Using this approach, we demonstrated that the topological charge gives rise 
to a transverse motion on the skyrmions, i.e., the skyrmion Hall effect [5], which is in 
analogy to the ordinary Hall effect given by the motion of electrically charged particles in 
the presence of a magnetic field.  Lastly, by optimizing our magnetic heterostructures, 
we show that we can stabilize skyrmions with sizes around 100 nm even in the absence 
of externally applied magnetic fields. 
This work was supported by the U.S. Department of Energy, Office of Science, 
Materials Sciences and Engineering Division.  
 
References: 
[1] For a recent review see: W. Jiang, et al., arXiv:1706.08295 
[2] A. Hoffmann and S. D. Bader, Phys. Rev. Appl. 4, 047001 (2015). 
[3] W. Jiang, et al., Science 349, 283 (2015).  
[4] O. Heinonen, et al., Phys. Rev. B 93, 094407 (2016). 
[5] W. Jiang, et al., Nature Phys.,13, 162 (2017). 
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Single skyrmion detection using electrical transport in Pt/Co/Ir 
multilayer disc 
 
Katharina Zeissler  
University of Leeds 
 
Magnetic quasiparticles such as skyrmions are important objects in the quest for novel 
magnetic information storage. They have been observed in bulk materials as well as in 
multilayer systems (1). In the latter, skyrmions are stabilized by the interfacial 
Dzyaloshinskii-Moriya interaction (DMI). In such material systems the equilibrium 
configuration of the stabilized skyrmions depends highly on the ferromagnetic and the 
heavy metals chosen, their thicknesses and the number of repeat. Due to this tunability 
and the skyrmion stability at room temperature these multilayers are of great interest for 
devices (2-5). Active focal areas are the influence of pinning due to growth 
imperfections (6), skyrmion manipulation and electrical detection. 
 
In the experiment outlined here a single skyrmion in a Ta (3.5 nm)/Pt (3.8 nm)/[Co (5.0 
nm)/Ir (5.0 nm)/Pt (1.0 nm)]x10 Pt (3.2 nm) multilayer nanodisc was imaged using the 
PolLux scanning transmission X-ray microscopy as a function of out-of-plane magnetic 
field. The Hall resistance was measured in situ just before each image was taken. The 
circular polarized X-rays were tuned to L3 cobalt edge and were transmitted 
perpendicular to the sample plane. The light and dark X-ray magnetic circular dichroism 
(XMCD) contrast extracted from the images reflect antiparallel, out of plane magnetic 
domains and can be used to extract the out of plane magnetisation. The Hall resistance 
shows a clear difference between uniform magnetised states and a single skyrmion 
state. This shows that electrical transport measurements can be used to detect single 
skyrmions in nanostructures. 
  
1. Fert, A. et al. Skyrmions on the track. Nature Nanotechnology. 2013, 8(3), pp.152-
156. 
2. Boulle, O. et al. Room-temperature chiral magnetic skyrmions in ultrathin magnetic 
nanostructures. Nature Nanotechnology. 2016, 11(5), pp.449-+. 
3. Dupe, B. et al. Engineering skyrmions in transition-metal multilayers for spintronics. 
Nature Communications. 2016, 7. 
4. Jiang, W.J. et al. Blowing magnetic skyrmion bubbles. Science. 2015, 349(6245), 
pp.283-286. 
5. Moreau-Luchaire, C. et al. Additive interfacial chiral interaction in multilayers for 
stabilization of small individual skyrmions at room temperature (vol 11, pg 444, 2016). 
Nature Nanotechnology. 2016, 11(8), pp.731-731. 
6. Zeissler K, et al. Pinning and hysteresis in the field dependent diameter evolution of 
skyrmions in Pt/Co/Ir superlattice stacks. ArXiv, 1706.01065 (2017). 
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Robust Zero-Field Skyrmion Formation in FeGe Epitaxial Thin Films 
 
Fengyuan Yang  
The Ohio State University 
 
Magnetic skyrmions are topological spin textures, which have attracted significant 
interests in recent years due to their intriguing magnetic interactions and attractive 
attributes for magnetic storage and other spintronic applications.  B20 phase magnetic 
materials, such as FeGe and MnSi, enable magnetic skyrmions due to the spin-orbit 
coupling and non-centrosymmetric structure.  One major effort in this emerging field is 
the stabilization of skyrmions at room temperature and zero magnetic field.  We grow 
phase-pure, high crystalline quality FeGe epitaxial films on Si(111) by ultra-high vacuum 
off-axis magnetron sputtering [1]. FeGe film thicknesses of 100, 65, and 36 nm are used 
for this study.  All FeGe films exhibit pure B20 phase as shown in the X-ray diffraction 
scans.  Scanning transmission electron microscopy (STEM) images clearly reveal the 
B20 lattice of the FeGe film and its epitaxial relationship with the diamond structure of 
the Si substrate.  The three FeGe films were patterned into a standard Hall bar 
structure, on which longitudinal and Hall resistivity measurements were taken using a 
Physical Property Measurement System (PPMS).  The Hall resistivity hysteresis loops 
show three regions of distinct features: 1) a linear background at large fields (> 2 T) due 
to the ordinary Hall effect, 2) a magnetic reversal behavior at intermediate fields that 
follows the magnetization hysteresis loop due to the anomalous Hall effect, and 3) a 
hysteresis loop within 3000 Oe due to the topological Hall effect (THE).  The THE 
signals were extracted by subtracting out the anomalous Hall effect and ordinary Hall 
effect, demonstrating the existence of the skyrmion phase in FeGe films between 5 and 
275 K.  The topological Hall resistivity reaches 918 nOhm cm at 250 K, the highest 
reported to date.  In particular, a large remanent topological Hall resistivity (77% of the 
maximum THE signal) was observed at zero magnetic field and 5 K.  This substantial 
topological Hall effect at zero field shows a robust skyrmion phase without the need of 
an external magnetic field. 
 
This work was primarily supported by the U.S. DOE under Grant No. DE-SC0001304 
and in part by NSF under Grant No. DMR-1507274 and No. DMR-1420451. 
 
[1] J. C. Gallagher, et al. Phys. Rev. Lett. 118, 027201 (2017). 
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Topological Spin Textures in Nanodisks 
  
Jiadong Zang 
  
The magnetic skyrmion is a nanostructured spin texture stabilized by the spin-orbital 
coupling. Its nontrivial topology enables unique dynamical property and thermal stability, 
which give out promise on future magnetic memory devise. However, to enable its 
applications, it is essential to understand the skyrmion properties in confined geometries 
and tackle key challenges including the creation and detection of skyrmions, preferably 
without magnetic fields. In this talk, I will present our recent theory-experiment 
collaboration results on magnetic skyrmions in ultrasmall nanodisks. A new type of 
skyrmion, the target skyrmion is observed therein. Zero field skyrmions and their 
polarization switch will be discussed. New topological textures in this geometry be 
presented. In the second half of the talk, I will discuss nontrivial topology driven by 
thermal fluctuations.  
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Room temperature magnetic skyrmions in engineered metallic 
heterostructures 
 
Geoffrey Beach  
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Detecting and tailoring chiral spin textures in the presence of 
interfacial DMI 
 
Gong Chen  
UC Davis 
 
Chirality in magnetic materials holds great potential for logic and memory devices. In 
this talk, I will introduce our results of exploring chiral spin textures using spin-polarized 
electron microscopy in magnetic multilayer films, including zero-field stabilized skyrmion 
and Néel-type skyrmion bubbles with Bloch components in both out-of-plane and in-
plane magnetized films. I will also show that magnetic chirality of spin spirals with a 
period of 100 nm can induce a significant magnetic circular dichroism in an X-ray 
scattering experiment, allowing efficient characterization of chiral spin textures with 
extremely small size. 
 
The work was done by collaboration with A Mascaraque, C Ophus, P Shafer, S Kang, 
HY Kwon, X Xiao, J Hong, JH Liang, L Sun, AT N’diaye, E Arenholz, C Won, ZQ Qiu, 
YZ Wu, AK Schmid and K Liu. GC is supported by UCOP (MRP-17-454963). 
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Soft X-ray Diffraction studies of Skyrmions 
 
Professor Peter D. Hatton  
Department of Physics, Durham University, UK 
 
Diffraction studies of magnetic skyrmions has tended to be dominated by Lorentz TEM 
and small-angle neutron scattering. However resonant soft x-ray diffraction techniques 
can provide a detailed understanding of the skyrmion lattice, and hence the skyrmion 
size. It can also be used to provide information on the winding number of skyrmions and 
the skyrmion domain distribution. In this talk I will review the use of resonant soft x-ray 
diffraction studies of magnetic skyrmions using synchrotron radiation at the L-edges of 
the 3d transition metals. I will outline the information obtained to date, and some of the 
challenges involved in studying both bulk single crystals and thin film samples. 
Prospects for future studies of the magnetic anisotropy of skyrmions and their dynamics 
will be described. 
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Spin excitations of the skyrmion lattice in MnSi 
 
David M Fobes  
Los Alamos National Laboratory 
 
In the less than a decade since skyrmions, topologically-protected three-dimensional 
spin textures, were originally discovered in MnSi, considerable experimental and 
theoretical research efforts have gone towards exploiting their properties for future 
applications in solid-state memory and spintronics. In non-centrosymmetric materials, it 
is well understood that skyrmions arise due to competition between ferromagnetic 
exchange and the Dzyaloshinskii-Moriya interaction, which directly relates to their 
potential for applications, since individual skyrmion size is proportional to the ratio of 
these interactions. Although the strength of the underlying magnetic interactions can 
typically be inferred directly from the spin wave dispersion, the mesoscopic size of 
skyrmions implies a tiny magnetic Brillouin zone, requiring momentum-transfer 
resolution beyond the current state-of-the-art in neutron spectroscopy to resolve the 
spin waves, an outstanding experimental challenge. Here we overcome this challenge 
via a new generation of resolution deconvolution, enabling, for the first time, 
mesoscopic neutron spectroscopy of the spin excitations associated with the skyrmion 
lattice. The spin wave dispersion and underlying magnetic interactions determined in 
the skyrmion phase of the prototypical material MnSi through this new approach is in 
excellent quantitative agreement with our mean-field treated Ginzburg-Landau model. 
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Chiral Magnetic States in MnSi thin films 
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A number of recent calculations and experiments have identified that strain and finite 
size effects are important contributions that influence the stability of the magnetic 
textures in MnSi thin films.  Both of these effects play an important role in MnSi films 
grown on Si substrates and have an important influence on the magnetic phase 
diagram.  However, there continues to exist controversy over the interpretation of the 
phase diagram.  With insights from ferromagnetic resonance, magnetometry, Hall effect 
and polarized neutron reflectometry in out-of-plane fields, a consistent picture emerges 
with the cone phase as the sole equilibrium phase below the saturation field.  Standing 
helimagnon waves are observed and represent the spin excitations from this ground 
state. 
 
I will address recent controversy about the phase diagram in-plane magnetic fields [1-2]. 
We have explored the magnetic textures in three dimensions with the combination of 
PNR and small angle neutron scattering (SANS) measurements.   While surface twists 
drive the skrymions into the film center, SANS demonstrates a large degree of disorder 
within the plane of the film. 
  
[1] M. N. Wilson et al., Phys. Rev. B 86, 144420 (2012). 
[2] T. Yokouchi, et al., J Phys. Soc. Japan, 84, 104708, (2015). 
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Magnetic skyrmions in two dimensions:  their creation and possible 
new applications 
 
Karin Everschor-Sitte  
Johannes Gutenberg University Mainz, Germany 
  
Major challenges towards skyrmion-based technologies include i) the controlled and 
systematic creation of magnetic skyrmions without the need of complex setups and ii) 
designing devices that efficiently use the properties of magnetic skyrmions. 
In the first part of the talk, I will present how to create skyrmions and other magnetic 
textures in ferromagnetic thin films by means of a homogeneous DC current. [1] This is 
possible by exploiting an instability arising by the interplay of current-induced spin-
transfer torque and a spatially inhomogeneous magnetization which can be achieved, 
e.g., by locally engineering the anisotropy, the magnetic field, or other magnetic 
interactions. The magnetic textures are created controllably, efficiently, and periodically 
with a period that can be tuned by the applied current strength. We propose a specific 
experimental setup realizable with simple materials, such as cobalt based materials, to 
observe the periodic formation of skyrmions. We show that adding chiral interactions will 
not influence the basics of the generations but the consequent dynamics w.r.t. the 
stabilization of topological textures. 
In the second part of the talk, I will address the potential of magnetic skyrmions for 
alternative models of information processing capable of imitating the high-energy 
efficiency of neuromorphic information processing. I will focus on reservoir computing 
networks as a possible realization of cognitive computing. We propose that a skyrmion 
network embedded in frustrated magnetic films may provide a suitable physical 
implementation for reservoir computing applications. [2] The significant key ingredient of 
such a network is a two-terminal device with non-linear voltage characteristics 
originating from magnetization dependent magnetoresistive effects. The most basic 
element for a reservoir computing network built from “skyrmion fabrics” is a single 
skyrmion embedded in a ferromagnetic ribbon. To pave the way towards reservoir 
computing systems based on skyrmion fabrics, we simulated and analyzed i) the current 
flow through a single magnetic skyrmion due to the anisotropic magnetoresistive effects 
and ii) the combined physics of local pinning and the anisotropic magneto-resistive 
effect. 
 
[1] Prychynenko et al., arXiv:1610.08313 
[2] Sitte et al., arXiv:1702.04298 
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Electric field control of skyrmions 
 
Henrik M. Ronnow  
Laboratory for Quantum Magnetism, Institute of Physics, EPFL, Switzerland 
 
Jonathan White, PSI, Switzerland 
 
Ping Huang, LQM, EPFL, Switzerland 
 
Alex Kruchkov, LQM, EPFL, Switzerland 
 
Ivica Zivkovic, LQM, EPFL, Switzerland 
 
Fabrizio Carbone, LUMES, EPFL, Switzerland 
 
Marco Cantoni, CIME, EPFL, Switzerland 
  
A pivotal challenge for skyrmion applications is ability to create, control, detect and 
erase them. Skyrmion motion (linear or rotation) has been demonstrated by use of 
currents, thermal gradients and combinations thereof. Exploiting the magnetoelectric 
coupling in the insulating skyrmion host Cu2OSeO3, we pursue electric field effects on 
the skyrmion phase. Combining bulk methods (magnetoelectric susceptibility), small 
angle neutron scattering (SANS) and magnetic contrast transmission electron 
microscopy (LTEM), we report rotation of the skyrmion lattice, as well as writing and 
erasing of skyrmions under very moderate electric fields. Furthermore, we report a 
theoretical framework providing semi-quantitative account of the measurements. 
  
[1] Omrani et al. PRB 89 064406 (2014) 
[2] White et al., JPCM 24, 432201 (2012) 
[3] Bartkowiak et al. Rev. Schi Instr 85 026112 (2014) 
[4] White et al, PRL 113 107203 (2014) 
[5] arxiv:1702.08863;170306081 
 
 
 
 
  



31 

Topological Spin Dynamics 
 
Mathias Kläui 
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In our information-everywhere society IT is a major player for energy consumption. 
Novel spintronic devices can play a role in the quest for GreenIT if they are stable and 
can transport and manipulate spin with low power. Devices have been proposed, where 
switching by energy-efficient approaches, such as spin-polarized currents is used [1,2]. 
 
Firstly to obtain ultimate stability, topological spin structures that emerge due to the 
Dzyaloshinskii-Moriya interaction (DMI) at structurally asymmetric interfaces, such as 
chiral domain walls and skyrmions with enhanced topological protection can be used [3-
5]. We have investigated in detail their dynamics and find that it is governed by the 
topology of their spin structures [3]. By designing the materials, we can even obtain a 
skyrmion lattice phase as the ground state of the thin films [4]. By injecting current 
pulses, we can reliable transform a stripe domain phase into a skyrmion lattice and we 
investigate the underlying physical mechanisms by temperature dependent 
measurements. 
 
Secondly, for ultimately efficient spin manipulation, we use spin-orbit torques, that can 
transfer more than 1? per electron by transferring not only spin but also orbital angular 
momentum. We combine ultimately stable skyrmions with spin orbit torques into a 
skyrmion racetrack device [4], where the real time imaging of the trajectories allows us 
to quantify the novel skyrmion Hall effect [5]. 
 
[1] Reviews: O. Boulle et al., Mater. Sci. Eng. R 72, 159 (2011); G. Finocchio et al., J. 
Phys. D: Appl. Phys. 49, 423001 (2016); A. Bisig et al., Phys. Rev. Lett 117, 277203 
(2016). 
[2] M. Jourdan et al., Nature Commun. 5, 3974 (2014); Z. Jin et al., Nature Phys. 11, 
761 (2015). 
[3] F. B?ttner et al., Nature Phys. 11, 225 (2015). 
[4] S. Woo et al, Nature Mater. 15, 501 (2016). 
[5] K. Litzius et al., Nature Phys. 13, 170 (2017). 
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Fluctuations and Noise Signatures of Driven Magnetic Skyrmions 
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2 University of California San Diego 
 
Magnetic skyrmions are particle-like objects with topologically-protected stability which 
can be set into motion with an applied current. Using a particle-based model we 
simulate current-driven magnetic skyrmions interacting with random quenched disorder 
and examine the skyrmion velocity fluctuations parallel and perpendicular to the 
direction of motion as a function of increasing drive. We show that the Magnus force 
contribution to skyrmion dynamics combined with the random pinning produces an 
isotropic effective shaking temperature. As a result, the skyrmions form a moving crystal 
at large drives instead of the moving smectic state observed in systems with a negligible 
Magnus force where the effective shaking temperature is anisotropic. We demonstrate 
that spectral analysis of the velocity noise fluctuations can be used to identify dynamical 
phase transitions and to extract information about the different dynamic phases, and 
show how the velocity noise fluctuations are correlated with changes in the skyrmion 
Hall angle, transport features, and skyrmion lattice structure. 
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Elasticity of MnSi on the Skyrmion phase in static and dynamic 
conditions 
 
Boris Maiorov  
Los Alamos National Laboratory 
 
Skyrmions in bulk materials are topological linear defects with localized spin-texture 
resembling vortex lines. Skyrmions also form an ordered lattice with hexagonal 
symmetry and can be moved by an electrical current. Their compact size and the ability 
of being moved by relatively small currents position Skyrmions as memory units.  
We report the first complete measurement of the elastic tensor of a MnSi single crystal 
around the Skyrmion phase using Resonant Ultrasound Spectroscopy (RUS). At the 
Skyrmion phase we observe stiffening and softening of different compression and shear 
moduli. With the changes in shear moduli much smaller than those found for the 
compression moduli. While still observing resonant conditions, the elastic signature of 
the Skyrmion phase is lost when an applied electric current density exceeds a critical 
value (jc). We associate the decoupling at jc with the skyrmion lattice moving with 
respect to the atomic crystal. The critical current density has a non-monotonic 
temperature dependence consistent with a temperature dependence of the order 
parameter strength (condensation energy), and shows a small peak effect near the 
upper phase boundary akin to jc(T) observed in MnSi through non-linear Topological 
Hall Effect studies.  
We also investigate the anisotropic nature of magneto-crystalline coupling between the   
crystallographic and skyrmion crystal (SKX) lattices in the chiral magnet MnSi by 
magnetic field-angle resolved resonant ultrasonic spectroscopy. Abrupt changes are 
observed in the elastic modulus and attenuation when the magnetic field is parallel to 
the [011] crystallographic direction. These observations are interpreted in a 
phenomenological Ginzburg-Landau theory that identifies switching of the SKX 
orientation to be the result of an anisotropic magneto-crystalline coupling potential. Our 
work sheds new light on the nature of magneto-crystalline coupling potential relevant to 
future spintronic applications. 
Therefore, our studies show that RUS can be used to determine the static and dynamic 
properties of emergent topological spin texture in magnets under different conditions. 
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Current-induced viscoelastic topological unwinding of metastable 
skyrmion strings 
 
Fumitaka Kagawa  
RIKEN CEMS 
 
In the MnSi bulk chiral magnet, magnetic skyrmion strings of 17 nm in diameter appear 
in the form of a lattice, penetrating the sample thickness, 10 ~ 1000 µm. Although such 
a bundle of skyrmion strings may exhibit complex soft-matter-like dynamics when 
starting to move under the influence of a random pinning potential, the details remain 
highly elusive. Here, we show that a metastable skyrmion-string lattice [1,2] is subject to 
topological unwinding under the application of pulsed currents of 3?5?10^6 A/m^2 
rather than being transported, as evidenced by measurements of the topological Hall 
effect. The critical current density above which the topological unwinding occurs is 
larger for a shorter pulse width, reminiscent of the viscoelastic characteristics 
accompanying the pinning-creep transition observed in domain-wall motion. Numerical 
simulations reveal that current-induced depinning of already segmented skyrmion 
strings initiates the topological unwinding. Thus, the skyrmion-string length is an 
element to consider when studying current-induced motion. 
 
[1] H. Oike et al., Nat. Phys. 12, 62 (2016). 
[2] T. Nakajima et al., Sci. Adv. 3, e1602562 (2017). 
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The non-trivial topological winding of skyrmions in chiral magnets distinguishes them 
from conventional forms of magnetic order and micromagnetic textures. This topological 
protection of skyrmions promises a new route to advanced non-volatile high density 
data storage devices. We report a detailed study of the stability and the decay of 
skyrmion lattices in chiral magnets when prepared in a metastable state. We consider 
possible decay mechanisms and discuss the underlying energy scales associated with 
the topological protection. 
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First-principles simulations and low-energy effective modeling of 
skyrmion in noncentrosymmetric B20 compounds 
 
Jian-Xin Zhu, Hongchul Choi, Yuan-Yen Tai, and Shizeng Lin 
Theoretical Division, Los Alamos National Laboratory 
 
A magnetic skyrmion observed experimentally in chiral magnets is a topologically 
protected spin texture. For their unique properties, such as high mobility under current 
drive, skyrmions have great potential for applications in next-generation spintronic 
devices. For this purpose, a fundamental understanding of skyrmion properties in real 
materials becomes essential. In this talk, I will present our study of skyrmion properties 
in non-centrosymmetry B20 compounds MnSi and MnGe, within the framework of 
density functional theory and low-energy effective modeling. We have explored the 
pinning effects from atomic defects on the skyrmions by taking MnSi as an example. In 
addition, we have elucidated the varying properties of skyrmions in MnSi and MnGe 
within a correlation-driven low-energy effective model constructed from DFT-based 
band structure.  
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Second-principles simulations of counter-rotating vortices pairs in 
PbTiO_3/SrTiO_3 superlattices 
 
Pablo García-Fernández  
Universidad de Cantabria 
 
When ultrathin ferroelectric layers of PbTiO_3 are embedded in superlattices with a 
paraelectric material, such as SrTiO_3, the interplay between elastic, electrostatic, and 
gradient energies produces complex patterns of the electrical polarization. In particular, 
nanometer scale of clock- and anti-clock-wise rotating vortices arrays have been 
recently detected [1] and exotic properties such as the emergence of a negative 
capacitance have been measured [2]. In this work we carry out atomistic simulations to 
determine the properties of these emergent structures. 
 
Performing predictive simulations in these systems is difficult due to the long spatial 
scales involved in the formation of counter-rotating vortices pairs, the strong competition 
between a large number of phases and the sensitivity of the results to external 
perturbations like strain, periodicity, temperature or electric fields. In order to overcome 
these problems we employ a recently developed second-principles method [3] that can 
cope with all the degrees of freedom associated to a large number of atoms retaining 
high accuracy. Our simulations predict the existence of several quasi-degenerate 
phases at low energies each displaying different properties including net polarization, 
non-null topological constants and chirality. The later prediction supports the findings of 
optical activity in x-ray circular dichroism experiments. We are currently working on 
finding the conditions that govern the balance between these phases in order to 
externally control chirality and other characteristics of these systems. 
 
Contributors to this work include Pablo Aguado-Puente (Queen's University Belfast), 
Jorge Íñiguez (Luxembourg Institute of Science and Technology) and Javier Junquera 
(Universidad de Cantabria). 
 
1.- A. K. Yadav et al., Nature 530, 198 (2016) 
2.- P. Zubko et al., Nature 534, 524 (2016) 
3.- J. Wojdel et al. J. Phys.: Condens. Matter. 25, 305401 (2013) 
 
 
 
  



38 

Emergent Phenomena in Oxide Superlattices 
 
R. Ramesh 
1. Department of Materials Science and Engineering & Department of Physics, 
University of California, Berkeley 
2. Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley 
 
The complex interplay of spin, charge, orbital, and lattice degrees of freedom has 
provided for a plethora of exotic phase and physical phenomena. Among these, in 
recent years, topological states of matter and spin textures have emerged as fascinating 
consequences of the electronic band structure and the interplay between spin and spin-
orbit coupling in materials. In this lecture, I will discuss work on oxide superlattices that 
leverage the competition between charge, orbital, and lattice degrees of freedom. I will 
particularly focus on superlattices of PbTiO3/SrTiO3 as a model system in which we can 
create complex, vortex-antivortex pairs (that exhibit smoothly varying ferroelectric 
polarization with a 10 nm periodicity) that are reminiscent of topological features such 
as skyrmions and merons. The key role of a combination of advanced layer-by-layer 
growth techniques, atomic-resolution mapping of structure and local polar distortions 
using scanning-transmission electron microscopy, x ray spectromicroscopy and phase-
field modeling approaches will be discussed. Finally, the implications of these 
observations are discussed as they pertain to producing new states of matter and 
emergent phenomena (such as chirality) in such superlattices. I will finish up by 
spending some time on the broader context of oxide superlattices. 
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Skyrmions with ferroelectric polarization in multiferroic lacunar 
spinels 
 
Alois Loidl1, E. Ruff1, P. Lunkenheimer1, D. Ehlers1, Zhe Wang1, H.-A. Krug von 
Nidda1, S. Widmann1, V. Tsurkan1, S. Bord?cs2,I. K?zsm?rki2,  
1. Center for Electronic Correlations and Magnetism, University of Augsburg, Germany 
2. Department of Physics, Budapest University of Technology and Economics, Hungary 
  
The lacunar spinels GaV4X8 (X = S, Se) undergo orbital ordering close to 40 K and 
reveal complex magnetic phase diagrams at low temperatures, including ferromagnetic, 
cycloidal and skyrmion-lattice phases [1,2]. Skyrmions are topologically protected 
nanoscale spin vortices with fascinating physical properties and high potentials for 
future data storage. Both compounds investigated are magnetic semiconductors and 
are the first bulk systems revealing Néel-type skyrmions characterized by spins rotating 
in the radial plane from the core to the periphery. The existence of skyrmions has been 
deduced from magnetic susceptibility, atomic-force microscopy and small-angle neutron 
scattering [1,2]. In lacunar spinels the influence of magnetic anisotropy on the stability of 
the skyrmion lattice phase can be studied in detail: The sulphur compound, with strong 
easy-axis anisotropy, exhibits only a rather narrow skyrmion pocket. In contrast, the 
selenide reveals weak easy-plane anisotropy, with a strongly enhanced skyrmion 
stability and with the skyrmion lattice phase extending even to 0 K. 
 
Based on measurements of dielectric constants, heat capacity and pyrocurrent, all as 
function of temperature and magnetic field, we provide a thorough study of the polar 
properties of both compounds, revealing that the orbitally ordered phase are 
ferroelectric with sizable polarization. Moreover, spin-driven excess polarizations 
emerge in all magnetic phases; hence, lacunar spinels host a zoo of multiferroic 
phases, including the skyrmion lattice dressed with ferroelectric polarization [3,4]. By 
taking into account the crystal symmetry and the spin patterns of the magnetically 
ordered phases, exchange striction is identified as the main microscopic mechanism 
behind the spin-driven ferroelectric polarization of all multiferroic phases [3]. 
 
In the second part of this talk, we present detailed results on excitations utilizing THz 
and broadband microwave spectroscopy. We find an intriguing relaxation dynamics in 
the THz range indicating the divergence of relaxation times coupled to the orbital 
dynamics and establishing an orbitally driven ferroelectric phase [5]. In addition, using 
coplanar waveguide absorption spectroscopy we study the generic magnetic excitations 
of the skyrmion lattice, as well as magnetic resonances of the helical and induced 
ferromagnetic phases [6]. 
 
This work supported by Deutsche Forschungsgemeinschaft (DFG) via the Transregional 
Research Collaboration TRR 80 “From Electronic Correlations to Functionality” 
(Augsburg, Munich, Stuttgart) 
  
  
[1] I. Kézsmárki et al., Nature Materials 14, 1116 (2015). 
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[3] E. Ruff et al., Science Advances 1, E1500916 (2015). 
[4] E. Ruff et al., unpublished, arXiv: 1701.06472 (2017). 
[5] Zhe Wang et al., Phys. Rev. Lett. 115, 207601 (2015). 
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Topological biskyrmions and the manipulation behavior in MnNiGa 
magnet 
 
Ying Zhang,  
Chinese Academy of Science 
 
The formation of biskyrmion magnetic nanodomains in a hexagonal (Mn1-xNix)65Ga35 
with x = 0.5 magnet was clearly demonstrated by direct real-space Lorentz TEM 
observations and confirmed by THE over an extremely wide temperature and magnetic 
field range. The biskyrmion density after the electric current manipulation can be 
significantly increased in contrast to the scattered biskyrmions induced directly by 
applying magnetic fields. Furthermore, the transition from the ferromagnetic state to 
stripe domains can be terminated by electric current, leading to a biskyrmion dominated 
residual domain. These residual biskyrmions are extremely stable and can further 
evolve into high-density biskyrmion lattices over a temperature range of 12 K-330 K. 
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Vortex and skyrmion crystals in frustrated itinerant magnets  
 
Satoru Hayami  
Hokkaido University 
 
Noncoplanar spin textures in itinerant magnets have been attracting much interest in 
condensed matter physics, since they act as a huge effective magnetic field for itinerant 
electrons through the spin Berry phase mechanism and bring about unusual quantum 
transport phenomena. Chiral magnets with the spin-orbit coupling (SOC) are good 
platforms of stabilizing noncoplanar spin configurations, such as skyrmion crystals. 
Recently, however, another origin of noncoplanar spin configuration has been explored 
in itinerant magnets.  The key ingredient is the instability of the Fermi surfaces at 
particular electron fillings, which does not need the presence of the SOC. Here, we 
investigate a further possibility of noncoplanar spin configurations in itinerant magnets.  
 
For this purpose, we consider the Kondo lattice model on two-dimensional square and 
triangular lattices. By performing a large-scale simulation based on Langevin dynamics, 
we find double-Q vortex crystals on the square lattice, while we find triple-Q skyrmion 
crystals with an unusual topological number of two on the triangular lattice at zero 
magnetic field. We examine the stabilization mechanism by two methods in a 
complementary way: perturbation expansion with respect to the spin-charge coupling 
and variational calculations. All these studies give consistent results and shows that 
noncoplanar multiple-Q states become a new ground state in itinerant magnets. We 
also discuss the effective spin model to capture the underlying physics of the instability 
toward noncoplanar multiple-Q states in itinerant magnets, which will be helpful to avoid 
laborious calculations for the itinerant electron systems.  
 
This work was supported by JSPS KAKENHI Grant Numbers 16H06590. 
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Revisiting static and dynamic magnetic correlations in the chiral 
helimagnet Cr1/3NbS2 
 
L. M. DeBeer-Schmitt (ORNL) Adam Aczel (ORNL), Travis Williams (ORNL), Nirmal 
Ghimire (Argonne National Laboratory), Ling Li(ORNL), Jessica Hebert (University of 
Tennessee:Knoxville), Michael Mcguire (ORNL), Stephen Kuhn (University of Notre 
Dame), Elizabeth Louden (University of Notre Dame), Morten Eskildsen (University of 
Notre Dame) and David Mandrus (University of Tennessee:Knoxville) 
 
Transition metal dichalcogenides have been shown to have a chiral, hexagonal space 
group. Previous SANS work by this group have found in Cr1/3NbS2 a non-
centrosymmetric long-period helimagnetic structure with higher order harmonics both at 
zero field and in an applied field. A perfect helical state (ie sinusoidal modulation), would 
display no higher order peaks at zero field. Odd higher order peaks can be explained by 
a 'squaring up' of the spin wave but not even harmonics that have been seen which 
implies the magnetic ground state of Cr1/3NbS2 is not completely understood. 
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Dzyaloshinskii-Moriya interaction and interlayer exchange coupling in 
Pt/Co/Ir multilayer films 
 
Sunxiang Huang 
University of Miami 
 
One of the key ingredient to realize Skyrmions in multilayer films is the interfacial 
Dzyaloshinskii-Moriya interaction (iDMI) which favors a faster rotation of the spins in 
multilayer films with perpendicular magnetic anisotropy (PMA). It has been reported that 
the Skyrmions can be stabilized in Pt/Co/Ir multilayer thin films which have large 
additive iDMI between Pt/Co and Co/Ir interfaces. In this work, we show how the iDMI in 
Pt/Co/Ir films depends on the film parameters such as the thicknesses of magnetic and 
non-magnetic layers. In addition, we also describe the interlayer exchange coupling 
(IEC) in Pt/Co/Ir thin films. The IEC may provide an additional magnetic energy to tune 
Skyrmions. More importantly, the antiferromagnetic IEC in Pt/Co/Ir films with iDMI and 
PMA may stabilize new types of Skyrmions such as antiferromagnetic Skyrmions. 
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Resonant Ultrasonic Spectroscopy: A new access to Skyrmion lattice 
 
Yongkang Luo 
Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA 
Shi-Zeng Lin, D. M. Fobes, N. Wakeham, Zhiqi Liu, E. D. Bauer, J. B. Betts, A. Migliori, 
J. D. Thompson, M. Janoschek, and B. Maiorov 
Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA 
  
We employed Resonant Ultrasonic Spectroscopy (RUS) measurements as an approach 
to the Skyrmion crystal (SKX) lattice. The elastic modulus and attenuation of MnSi were 
systematically investigated. The important findings are: (1) We reported the first 
complete measurement of the elastic tensor of MnSi with RUS, and studied their 
behaviors near the SKX phase. The phase diagram is mapped out. (2) In the presence 
of a DC current, we studied the decoupling of SKX and the crystallographic lattice and 
got a critical current density jc?61.8 kA/m2. (3) With a field angular dependent RUS 
measurement, we observed abrupt changes of the elastic modulus and attenuation 
when the magnetic field is parallel to the [011] crystallographic direction. Calculations 
based on phenomenological Ginzburg-Landau theory were performed to understand the 
nature of magneto-crystalline coupling between the SKX lattice and the underlying 
crystallographic lattice. 
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Polarized neutron reflectometry study of in-plane skyrmions in MnSi 
thin films 
 
Simon A. Meynell 
Dalhousie University, Canada 
M. N. Wilson, K. L. Krycka, B. J. Kirby, H. Fritzsche, and T. L. Monchesky 
 
For epitaxial MnSi/Si(111) films, a hard-axis out-of-plane magnetocrystalline anisotropy 
destabilizes skyrmions for out-of-plane fields over the entire phase diagram. For in-
plane fields the case is different and micromagnetic calculations of MnSi/Si(111) thin 
films show that magnetocrystalline anisotropy is capable of stabilizing skyrmions with 
their axis of symmetry pointing in the plane of the film. A polarized neutron reflectometry 
(PNR) study is presented that reveals evidence of in-plane skyrmions that are confined 
to the center of the film due to the potential well formed by the surface twists.  PNR 
measurements, which provide a depth profile of the magnetization, are interpreted with 
the aid of micromagnetic simulations.  Comparisons between the simulations and the 
data demonstrate that helicoids, skyrmions and twisted ferromagnetic phases can be 
clearly distinguished in the experiments.  The presence of skyrmions is further 
supported by small-angle neutron scattering measurements. 
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Magnetic Skyrmions on a Two-Lane Racetrack 
 
Jan Müller 
Institute for Theoretical Physics, University of Cologne, Germany 
 
Magnetic skyrmions are often discussed as potential data carriers in future memory 
devices since they promise to combine small size and topological quantization with the 
possibility of efficient electric manipulation. The skyrmion racetrack memory has been 
suggested: a shift register type memory where information is encoded in the distance 
between skyrmions moving in a one-dimensional nanostrip.  
 
I propose an alternative shift register design where skyrmions move in two (or more) 
parallel lanes on a shared racetrack [1]. Here, the information is stored in the lane 
number of each skyrmion but not in the distance between them. Such a multilane 
racetrack can be constructed by controlling the height profile of the nanostrip. Repulsive 
skyrmion-skyrmion interactions in sufficiently narrow nanostrips guarantee that 
skyrmions on different lanes cannot pass each other. Current pulses can be used to 
induce a lane change. Combining these elements provides a robust, efficient design of 
skyrmion-based storage devices. 
 
[1] J. Müller, New Journal of Physics 19, 025002 (2017) 
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Skyrmions in a Layered Antiferromagnet 
 
A. Pozzi 
Zernike Institute for Advanced Materials, University of Groningen 
M. V. Mostovoy 
 
Magnetic skyrmions are non-coplanar nano-sized spin structures, similar to tiny knots. 
First observed in 2009, they were found to have highly unusual physical properties, 
which make them suitable for spintronics applications, such as low-dissipation data 
processing and memory devices. Studying the phase diagram of materials which could 
potentially be host to skyrmions and understanding their dynamics is crucial for 
progress in this new promising field. We have studied a model of the magnetically 
frustrated dihalide, Fe(x)Ni(1-x)Br(2), with stacked triangular layers of classical spins, 
competing intralayer exchange interactions and the antiferromagnetic interlayer 
interaction. We show that skyrmion crystals and isolated skyrmions are stable for a wide 
range of parameters of this model, which suggests that skyrmions can be found in 
realistic frustrated magnets. 
 
 
  



50 

Large scale spin-lattice simulations using LAMMPS 
 
Julien Tranchida 
Center for Computing Research, Sandia National Laboratories 
Aidan Thompson 
 
Deriving from the DFT formalism, a semi-classical methodology referred to as spin 
dynamics (SD) can be used as a reliable tool for the simulation of the magnetization 
dynamics in systems containing a large number of interacting magnetic spins [1], like 
spin lattices [2], or spin liquids [3]. More recently, it has also been shown possible to 
couple spin degrees of freedom to lattice vibrations by combining the formalism of 
molecular dynamics to spin dynamics [4], using empirical potentials [5].  
The goal of our project is to construct an efficient parallel implementation of SD in 
Sandia's widely-used LAMMPS molecular dynamics code [6]. This will allow spin-lattice 
simulations to use parallel computers to access length and timescales much larger than 
currently possible. This work will leverage LAMMPS' sophisticated integration 
algorithms and the highly parallel structures.  
 
Finally, we will show how combining spin-dependent DFT results to SD simulations can 
be used as a reliable tool in the study of topologically stabilized spin structures, like 
skyrmions [7]. 
 
[1] Antropov, V. P., Katsnelson, M. I., Harmon, B. N., Van Schilfgaarde, M., & 
Kusnezov, D. (1996). Spin dynamics in magnets: Equation of motion and finite 
temperature effects. Physical Review B, 54(2), 1019. 
[2] Eriksson, O., Bergman, A., Hellsvik, J., & Bergqvist, L. (2017). Atomistic spin 
dynamics: Foundations and applications. Oxford University Press. 
[3] Omelyan, I. P., Mryglod, I. M., & Folk, R. (2001). Algorithm for molecular dynamics 
simulations of spin liquids. Physical review letters, 86(5), 898. 
[4] Perera, D., Eisenbach, M., Nicholson, D. M., Stocks, G. M., & Landau, D. P. (2016). 
Reinventing atomistic magnetic simulations with spin-orbit coupling. Physical Review B, 
93(6), 060402. 
[5] Pajda, M., Kudrnovsk?, J., Turek, I., Drchal, V., & Bruno, P. (2001). Ab initio 
calculations of exchange interactions, spin-wave stiffness constants, and Curie 
temperatures of Fe, Co, and Ni. Physical Review B, 64(17), 174402. 
[6] http://lammps.sandia.gov 
[7] Dup?, B., Hoffmann, M., Paillard, C., & Heinze, S. (2014). Tailoring magnetic 
skyrmions in ultra-thin transition metal films. Nature communications, 5. 
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Room Temperature Topological Hall Effect in Microfabricated FeGe 
Crystals 
 
Maxime Leroux 
Los Alamos National Laboratory 
Douglas V. Pete, Sandia National Laboratories 
Matthew J. Stolt, University of Wisconsin-Madison 
Song Jin, University of Wisconsin-Madison 
Boris A. Maiorov, Los Alamos National Laboratory 
 
Overcoming the challenge of low-noise measurements, I was able to measure the 
topological Hall Effect (THE) on a microscopic bulk sample of FeGe, for the first time. I 
find that in a 750 nm thick sample, the THE is only present at room temperature, in the 
same region of field and temperature deduced from magnetic measurements in bulk 
single crystals. Surprisingly, I find a THE amplitude similar to that of MnSi at low 
temperature, despite the lower effective magnetic field of FeGe skyrmions. I also found 
a new region of negative topological Hall Effect which seems to be a helicoid or 
inhomogenous chiral spin state, precursor of the skyrmion phase. I microfabricated the 
electrical transport samples from single crystals of FeGe using a Focused Ion Beam 
(FIB). 
 
 
 


