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Coupled electricity and magnetism in frustrated 
Mott insulators: spontaneous currents, dipoles 

and monopoles

D.Khomskii

Cologne University, Germany

The standard point of view is that at low energies Mott insulators exhibit only magnetic 
properties, while charge degrees of freedom are frozen out, because electrons are localized. 
I demonstrate that in general this is not true [1, 2]: for certain spin textures there exist quite 
nontrivial effects in the ground and lowest excited states, connected with charge degrees 
of freedom. In particular this may happen in frustrated systems, e.g. containing triangles or 
tetrahedra as building blocks. I will show that in some cases there may exist spontaneous 
circular currents in the ground state of insulators, proportional to the scalar chirality; this 
clarifies the meaning of the latter and opens the ways to directly experimentally access it. 
For other spin structures there may exist spontaneous charge redistribution, so that average 
charge at a site may be different from 1. This can lead to the appearance of dipole moments 
and possibly of the net spontaneous polarization. This is a novel, purely electronic mechanism 
of multiferroic behaviour. In particular I show [3] that such electric dipoles should exist  in spin 
ice materials at every tetrahedra with three-in/one-out or one-in /three-out spin configurations, 
which are equivalent to magnetic monopoles. Thus there should be an electric dipole attached 
to each magnetic monopole in spin ice. This leads to electric activity of magnetic monopoles, 
and  opens the possibility to control magnetic monopoles by electric field. The possibility to use 
chirality as qubits will be also discussed.

[1] L.N.Bulaevskii, C.D.Batista, M.V.Mostovoy and  D.I.Khomskii, Phys.Rev.B 78, 028402 (2008)  

[2] D.I.Khomskii, JPCM 22, 164209 (2010) 

[3] D.I.Khomskii, Nature Comm. 3, 904 (2012)  

    



Tunable sub-THz ESR spectroscopy of complex 
transition metal oxides 

Bernd Büchner

Institut für Festkörperforschung, IFW Dresden 

Institut für Festkörperphysik, TU Dresden

The expansion of the frequency window of ESR from the GHz- towards the THz-region opens 
new frontiers to explore the physics of materials with strong correlations between spin, charge 
and orbital degrees of freedom, such as complex transition metal oxides. In my talk I will discuss 
two examples of ESR studies on transition metal oxides. In lightly hole-doped La1-xSrxCoO3 (x 
~ 0.002) the ESR data provide clear-cut experimental evidence for the creation of extended 
spin clusters with a large spin multiplicity at low temperatures. There are multiple gapped 
excitations with large g factors showing a pronounced temperature dependence. The data 
can be modeled assuming ferromagnetic clusters with a total moment of about 13/2 mB and 
a substantial magnetic anisotropy. We argue that each doped hole couples ferromagnetically 
seven magnetic Co ions yielding a spin-state polaron with a huge local magnetic moment with 
a strong orbital contribution. As a second example I will discuss the 5d metal oxide Sr2IrO4 
which has been recently proposed to be a novel kind of insulator where the Mott insulating 
state arises due to electron correlation effects combined with strong relativistic spin-orbit 
coupling. Owing to a complex spin-orbital character of the effective Jeff = 1/2 ground state 
of Ir4+ ions a rich variety of magnetically ordered phases in iridium oxides  ranging from a 
Heisenberg to exotic quantum compass and Kitaev models have been predicted theoretically. 
Experimentally one observes in Sr2IrO4 a canted antiferromagnetically (AFM) “easy-plane” 
ordered spin structure below TN = 230 K with an anomalously large “hidden” ferromagnetic 
(FM) moment. We have studied low-energy magnetic excitations at the AFM zone center in a 
single crystal of Sr2IrO4 by high field ESR spectroscopy in the sub-THz frequency domain.  We 
can identify both the “low” frequency mode due to the precession of the FM moments and the 
“high” frequency modes due to the precession of the AFM sublattices. We find an appreciable 
anisotropy of the g-factor which is expected due to the spin-orbital entanglement in the ground 
state. Surprisingly, despite this, the energy gap for the out-of-plane AFM excitations appears 
to be very small, amounting to 0.83 meV only. This suggests a rather isotropic Heisenberg 
character of Ir spins. We compare our ESR data with recent RIXS and INS results on iridium 
oxides and discuss possible reasons for the smallness of the magnon gap in Sr2IrO4.  



Spin-orbit assisted Mott physics in Iridates

Simon Trebst

Cologne University, Germany

While relativistic effects in electronic systems have been appreciated already in the early days 
of quantum mechanics – most notably in the discovery of the electron spin arising from the 
solution of the Dirac equation, they have long been considered well-understood, perturbative 
afterthoughts in solid-state physics. This perspective has dramatically changed in recent years 
with a plethora of novel quantum states being discovered which originate solely from 
(strong) spin-orbit coupling. Prominent examples include multiferroics, chiral metals exhibiting 
skyrmion physics, and probably most spectularly topological insulators.

While our understanding of spin-orbit induced phenomena in these quite distinct electronic 
states is slowly growing, an even bigger slew of open questions arises when taking into account 
that for many systems the underlying electronic state is rather fragile and extremely sensitive 
to otherwise residual effects. One example are “heavy” 5d transition metal oxides, such as 
the Iridates or Osmates, where the extended nature of the 5d orbitals dampens the Coulomb 
interactions, thereby weakening the  formation of a Mott insulating state, while also making 
the system exceedingly sensitive to its surrounding crystal fields. A microscopic description 
of these materials thus requires a delicate balance of the effects of spin-orbit coupling, strong 
correlations, and orbital/crystal field physics.

In this talk, I will discuss how to handle this theoretical challenge for a pair of layered Iridates, 
Na2IrO3 and Li2IrO3. Various ordering patterns for the effective Iridium moments and their thermal 
stability will be considered, which allows us to connect back to thermodynamic measurements 
and  possibly estimate  microscopic coupling parameters. Finally, we discuss how applying 
magnetic fields might drive these systems into an exotic, topologically ordered state.



Magnetic Monopole Heat Transport in Spin-Ice

Thomas Lorenz

Cologne University, Germany

Elementary excitations in the spin-ice compound Dy_2Ti_2O_7 can be described as magnetic 
monopoles propagating independently within the pyrochlore lattice of magnetic Dy ions. In 
this talk, I will report heat-transport measurements to clarify the influence of the monopole 
excitations on the total thermal conductivity. From the anisotropic magnetic-field dependence 
and by additional measurements on reference compounds, we are able to separate the 
phononic and the magnetic contributions to the total heat transport, which both depend on 
the magnetic field. The field dependent phononic contribution arises from lattice distortions 
due to magnetic-field induced torques on the non-collinear magnetic moments of the Dy ions. 
For the magnetic contribution, we observe a highly anisotropic magnetic-field dependence, 
which correlates with the corresponding magnetization data reflecting the different magnetic-
field induced spin-ice ground states. This anisotropic field dependence as well as various 
hysteresis effects suggest that the magnetic heat transport is essentially determined by the 
mobility of the magnetic monopole excitations in spin ice.



Symbiosis of Intermetallic and Salt:  
Rare-Earth Metal Cluster Complexes with  

Endohedral Transition Metal Atoms

Gerd Meyer

Department für Chemistry, Universität zu Köln, 50939 Köln

Clusters of electron-poor group 3 elements (R) need an endohedral atom (Z) to stabilize the 
cluster {ZRx} mainly through Z-R bonding interactions. There are an increasing number of rare-
earth metal clusters sequestering transition metal atoms, mainly from groups 8 to 10. Isolated 
clusters surrounded by halide ligands (X), partly shared between the cluster complexes {ZRx}
Xz, are rare, as for example in {IrEr6}I10. In the majority of cases, clusters share common cluster 
atoms, mostly edges, less frequently faces. Coordination numbers of the endohedral atoms 
vary between 4 (tetrahedron) and 8 (cube or square antiprism) with 6 (octahedron) majoring. 
In {Ru5Lu20}I24, for example, cubes and square antiprisms {RuLu8} share common square faces 
to a one-dimensional intermetallic chain, surrounded by and connected through iodide ligands. 
The same polyhedra, and in addition such with nine- and ten-coordinate ruthenium atoms, are 
seen in the three-dimensional intermetallic compound {Ru11Lu20}. 



Magnetic and orbital excitations studied by  
optics and RIXS

Markus Grüninger

Cologne University, Germany

In this talk we focus on the character of magnetic excitations in the cuprates and of orbital 
excitations in the vanadates. 

In the case of magnetic excitations, we concentrate on cuprate five-leg spin 1/2 ladders. The 
character of magnetic excitations changes from spinons in 1D chains via triplons in two-leg 
ladders to magnons in 2D. The five-leg ladders form a bridge between 1D and 2D. We use 
optical spectroscopy to study the magnetic excitations at high energies. In particular, we look 
for common properties of the excitations of different compounds and for the existence of bound 
states. 

In the case of orbital excitations, the experimental proof for the existence of low-energy 
orbital waves or orbitons is still lacking. Typically, superexchange is assumed to be the driving 
force for the propagation of orbital waves, whereas the coupling to the lattice is supposed to 
suppress the dispersion. Using high-resolution RIXS, we have observed orbital excitations 
in orbitally ordered YVO3 and GdVO3 at the V L edge and the O K edge. We find a clear 
momentum dependence of the excitations, which however does not follow the expectations for 
the dispersion within a superexchange scenario. We discuss an alternative mechanism which 
yields propagating orbital waves. 



Kondo correlations in real space

Ralf Bulla

          

Cologne University, Germany

Quantum impurtity systems show a variety of renormalization group fixed points and quantum 
phase transitions between these fixed points, features which have been studied in detail using 
various theoretical and numerical techniques. Here we focus on real-space signatures of such 
fixed points.

An example in the context of Kondo physics is the so-called screening cloud which - in real 
space - signals the crossover from the Local-Moment to the Strong-Coupling fixed point. These 
investigations are generalized to the case of a disordered bath, and to multi-impurity models. 
For the latter case we study the issue of overlapping screening clouds and - on a technical 
level - the application of DMFT-like approaches to such systems.
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Dynamic Transitions in Interaction Quenches

Götz Uhrig

Dortmund University, Germany

We show that the non-equilibrium time-evolution after interaction quenches in the one 
dimensional, integrable Hubbard model exhibits a dynamical transition in the half-filled case. 
This transition ceases to exist upon doping. Our study is based on systematically extended 
equations of motion. Thus it is controlled for small and moderate times; no relaxation effects are 
neglected. Remarkable similarities to the quench dynamics in the infinite dimensional Hubbard 
model are found suggesting dynamical transitions to be a general feature of quenches in  
such models.



Unusual Manifestations of  Ferroelectric Order 
in Multiferroics

Manfred Fiebig

Department of Materials, ETH Zurich, Switzerland

Materials with a coexistence of magnetic and electric order, called multiferroics, are rare 
because (anti)ferromagnetic and ferroelectric order tend to be mutually exclusive. Magnetic 
order based on transition-metal exchange interactions requires partially filled 3d orbitals while 
ferroelectricity of the displacive hybridisation type calls for empty 3d shells. In this sense, 
any occurrence of magnetoelectric multiferroicity inherently involves unusual realisations of 
ferroelectric order. In my talk I will highlight various examples for these „exotic ferroelectrics“ 
and discuss how the unconventional origin of the spontaneous polarization leads to interesting 
topological states or to manifestations that may be relevant for oxide-electronics devices. The 
experiments presented here were conducted by optical second harmonic generation and by 
force-microscopy techniques.



Dynamics near the multiferroic phase transition

Joachim Hemberger

II. Physikalisches Institut, Universität zu Köln

In magnetoelectric multiferroics the onset of ferroelectricity is coupled to the onset of inversion-
symmetry breaking magnetic structure. The dynamics of such complex order can be probed 
via the dielectric response of the system. A prominent feature is the stimulation of (electro-)
magnons via electric field in the THz-range. But as well at lower frequencies diverse dispersive 
features can be found, especially in the region around the multiferroic phase transition. As an 
example we studied the dielectric response of MnWO4, which possesses a ferroelectric phase 
driven by cycloidal magnetism, using linear and non-linear spectroscopy in a frequency range 
from mHz to THz. The results denote the critical slowing down of the dynamics above the onset 
of multiferroic order, while the dielectric response of the ordered phase is dominated by the 
dynamics of domains and domain walls respectively. 



Magnetoelectric and multiferroic materials

Petra Becker-Bohaty

Cologne University, Germany

The interplay between magnetism and electricity, which can manifest by the cross-coupling 
of electric field and magnetisation or, vice versa, by magnetic field and electric polarisation, 
(magnetoelectric effect), but also, particularly, by emerging ferroelectricity induced by magnetic 
order (magnetoelectric multiferroicity), presently is a topical issue in solid state physics and 
has been one of the research areas of SFB 608. Up to now, a few distinct types of microscopic 
origins of multiferroic behaviour are known, which constitute the basis for the development of 
new multiferroic materials. The present contribution will give brief insight into the search and 
exploration activities for new (and perhaps novel) multiferroic and magnetoelectric crystals in 
SFB 608 and their basic characterisation.



Fascinating materials and thin films: Cologne 
youngsters’ recent results at the Max Planck  

in Dresden

Hao Tjeng

          

MPI-CPFS Dresden, Germany



Dynamic heat transport shining light on  
phonon-magnon interactions in low  

dimensional quantum magnets

Paul van Loosdrecht

Cologne University, Germany

Thirty-five years ago, Sanders and Walton [Phys. Rev. B 15, 1489 (1977)] proposed a method 
to measure the phonon-magnon interaction in antiferromagnets through thermal transport 
which so far has not been verified experimentally. We show that a dynamical variant of this 
approach allows direct extraction of the phonon-magnon equilibration time, yielding 400 μs for 
the cuprate spin ladder system Ca9La5Cu24O41. The present work provides a general method 
to directly address the spin-phonon interaction by means of dynamical transport experiments.



Time-resolved x-ray diffraction from complex 
materials

Christian Schüßler-Langeheine

Helmholtz-Zentrum Berlin für Materialien und Energie, Germany

Understanding the interplay of different degrees of freedom across phase transitions or other 
changes of macroscopic properties is a central goal of material science. The availability of 
pulsed and ultra-bright coherent x-ray sources allow for novel experimental approaches in this 
field that combine highly selective x-ray probes with temporal and even spatial resolution. In 
a pump-probe experiment the system can be driven out of equilibrium by an external stimulus 
and its response being tracked with femtosecond x-ray pulses. We used this method to analyze 
the dynamics of spin, charge and orbital order in different materials. For the case of the 4f 
antiferromagnet EuTe we found a complicated response of its magnetic profile to which both 
magnetic and lattice dynamics contribute. The fast response of the metallic 4f antiferromagnet 
Ho rules out predictions that large magnetic moments lead to slow magnetic dynamics. 

For the case of the Verwey transition in magnetite (Fe3O4) we find when the pump pulse 
destroys the low-temperature phase only partially that besides the ultrafast response of orbital 
order and lattice distortion a second time scale comes into play, on which a spatial segregation 
of low- and high-temperature phase regions occur. Similar effects of spatial reorganization can 
be found also across the insulator-to-metal transition in doped titanates, where they are quasi 
static and hence accessible with micro-diffraction and coherent x-ray scattering methods. 



Weakly doped cuprates: 
Fractionalized Fermi liquids?

Matthias Vojta

TU Dresden, Germany

High-temperature superconductivity in the copper oxides constitutes one of the most fascinating 
and challenging problems in modern condensed matter physics. I will address the physics of 
underdoped cuprates, starting from the weakly

doped Mott insulator. In particular, I will focus on the concepts of selective Mott phases and 
fractionalized Fermi liquids, originally developed to describe non-Fermi liquid behavior in multi-
band systems, and its possible relevance to the pseudogap regime of cuprates.





Strong correlations in inhomogeneous  
quantum systems

Hans Kroha

University of Bonn, Germany

The interplay of static inhomogeneities with the dynamics of local interactions can induce exotic 
ground states of matter and unconventional transport properties in electronic systems. In this 
talk two different systems involving inhomogeneity and strong correlations will be discussed. 

(1 - Project D12) 2-channel Kondo (2CK) physics is one of the archetypes for non-Fermi liquid 
behavior. However, the 2CK effect has been notoriously difficult to realize in physical systems 
due to the necessity of fine-tuning of parameters. We propose a quantum impurity model 
consisting of a 3-level system with partial SU(3) symmetry which exhibits a generic 2CK fixed 
point without fine-tuning. The 2CK fixed point and a highly non-trivial temperature dependence 
of the entropy are obtained by NRG calculations, confirming earlier conjectures based on 
perturbative RG.

(2 - Project D13) Near the 1st-order Mott-Hubbard transition, the

thermodynamically stable state at finite temperature is characterized by a coexistence of metallic 
and insulating nanodomains, leading to the emergence of disorder from a homogeneous 
Hubbard system. We calculate the nanodomain size distribution in the coexistence region 
and derive from it the electrical conductivity, using random resistor network theory. A linear 
temperature dependence of the conductivity is found.



Electronic Correlations and Structural Stability

Dieter Vollhardt

University of Augsburg, Germany

The total energy of correlated materials is computed as a function of the atomic positions and 
the unit cell parameters by employing a generalization of the LDA+DMFT scheme. Thereby it 
is possible to assess the influence of electronic correlations on structural transformations of 
the ionic lattice. Results are presented for two exemplary materials:

1) For paramagnetic KCuF3 the equilibrium Jahn-Teller distortion is calculated and a direct 
structural optimization is performed [1]. We obtain the correct lattice constant, equilibrium Jahn-
Teller distortion, antiferro-orbital order, tetragonal compression of the unit cell, and spectral 
properties.

2) The equilibrium crystal structure and phase stability of paramagnetic iron at the α-γ phase 
transition is computed. Furthermore, by combining the GGA+DMFT scheme with the method 
of frozen phonons the lattice dynamics and phonon dispersion relations are determined [2].

In both cases electronic correlations are shown to be the driving force behind the structural 
transformation of the solid.

[1] I. Leonov, N. Binggeli, D. Korotin, V. I. Anisimov, N. Stojic, and D. Vollhardt, Phys. Rev. Lett.  101, 
096405 (2008); I.  Leonov et al., Phys. Rev B 81, 075109 (2010).

[2] I. Leonov, A. I. Poteryaev, V. I. Anisimov, and D. Vollhardt, Phys. Rev. Lett. 106, 106405 (2011) and 
Phys. Rev. B 85, 020401 (2012).



Stripe-like ordering of charges, orbitals and 
spins in layered manganites

Markus Braden

Cologne University, Germany

Layered manganites of the type R1-xAxMnO4 allow for detailed microscopic investigations 
of the coupling of charge, orbital, and magnetic ordering. The magnetic excitations in half-
doped La0.5Sr1.5MnO4 can be perfectly described by only four parameters. This gives very 
strong support for the Goodenough model with charge and orbital ordering occurring at the 
Mn sites. A higher amount of doping results in complex stripe-like order patterns with three 
incommensurate and one commensurate order parameters that are closely coupled. Orbital 
stripes form the dominant ordering feature in these overdoped phases. The magnetic excitations 
in overdoped manganites exhibit an hourglass-like dispersion which closely resembles those 
observed in cuprates high-temperature superconductors in spite of the insulating nature of 
the former. In addition to a large ratio between intra- and inter-stripe magnetic interaction 
parameters, the correlation length seems to be decisive for the formation of the characteristic 
hourglass dispersion in stripe phases. Reduction of the doping below half-doping also induces 
incommensurate ordering but over- and under-doping are highly asymmetric. For doping 
levels of x=0.25 and 0.33 we still find evidence for magnetic correlations closely related with 
those at half-doping but these coexist with short-range correlations of the  nearest-neighbour 
antiferromagnetic order in undoped LaSrMnO4.  



Magnetic Properties and Lattice Dynamics of 
Triangular and Honeycomb Lattices

Angela Möller
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Spin orbit entanglement in metals
Sr2RuO4 and Bi2Se3

Maurits Haverkort

UBC Vancouver, Canada

The spin and charge degrees of freedom of electrons can be entangled due to relativistic 
spin-orbit coupling. For heavy elements spin-orbit coupling is substantial compared to the 
band-width, leading to exciting effects as topological protected surface states with a well 
defined relation between orbital and spin character. This is the case for Bi2Se3. For most 
solids containing light elements the spin-orbit coupling is small compared to the band width 
and orbital momentum is quenched. In those cases spin-orbit coupling only plays a major 
role if there is an accidental degeneracy between orbitals at the Fermi energy. Reducing the 
dimensionality of a system, either by crystal structure or by artificial multilayers can reduce the 
band width and more importantly can lead to degenerate orbitals in a large part of the Brillouin 
zone. This is the case for Sr2RuO4, a layered perovskite with a two dimensional electronic 
structure. Although the band-width is larger than the size of the spin-orbit coupling, due to 
dimensionality constraints there are degenerate bands at the Fermi energy.

In this talk I will show how, with the use of polarization dependent, spin and angle resolved 
photoemission, one can measure this entanglement and discuss their consequences.



Interaction effects on almost flat surface bands 
in topological insulators

Lars Fritz

Cologne University, Germany

We consider ferromagnetic instabilities of two-dimensional helical Dirac fermions hosted on the 
surface of three-dimensional topological insulators.  We investigate ways to increase the role 
of interactions by means of modifying the bulk properties, which in turn changes the surface 
Dirac theory characteristics. We discuss both long-range Coulomb interactions controlled by 
the dimensionless coupling constant α = e2/(h ε vF

surf) as well as short-ranged Hubbard-like 
interactions of strength U which can induce spontaneous surface ferromagnetism, thereby 
gapping the surface Dirac metal.  In both cases, we find that a prerequisite for observing this 
effect is to reduce the Fermi velocity vF

surf, and we consider different mechanisms to achieve 
this.  While for long-range Coulomb interactions we find that screening hinders ferromagnetism, 
for short-range interactions screening is not that vital and the instability can prevail.



EuO on graphene: Growth, magnetic 
properties, and the surface state

Carsten Busse

II. Physikalisches Institut, Universität zu Köln

The ferromagnetic semiconductor EuO has a large exchange splitting of its conduction band 
below the Curie temperature TC. Therefore, it can be employed as a spin injector when used 
as a tunnel barrier between to electrodes, leading to almost 100% spin polarized conduction 
electrons, essential for the operation of spintronic devices. Ideally, a spin injector has to be 
coupled with a good spin conductor, i.e. a material with a high spin coherence length, a property 
found in the new material graphene. Consequently, we have developed a process to grow 
thin fi lms of stoichiometric EuO in (100) orientation on top of in situ prepared graphene. We 
investigate the structural, magnetic, and electronic properties of this system using scanning 
tunneling microscopy / spectroscopy (STM/STS) and the magneto-optical Kerr effect (MOKE).

Our fi lms have a ferromagnetic behavior with a Curie temperature signifi cantly higher than 
the value expected for such thin fi lms, which hints at a magnetic exchange coupling mediated 
by graphene. Low-temperature STS reveals standing electron wave patterns arising from 
scattering at defects. This proves experimentally the existence of a surface state in EuO as 
predicted by theory more than ten years ago. We observe a pronounced shift of the energy of 
the surface state above the Curie temperature which indicates a spin-polarization of this state.

Scanning tunneling spectroscopy 
map of an EuO fi lm on top of 
graphene. The color scale  repre-
sents the local density of states at 
E=1.35 eV. Circular standing wave 
interference patterns of electrons 
scattered at point defects are vis-
ible. Scan size 10.3 nm × 8.8 nm, 
imaged at 5.3 K. 





A model for elasticity and pinning of domain 
walls in helical magnets

Thomas Nattermann

Cologne University, Germany

The theory of elasticity and coercivity of domain walls in both, centrosymmetric and 
noncentrosymmetric helical magnets, is developed. Generically these walls consist of regular 
arrays of magnetic vortex lines. Exceptions are walls oriented along high symmetry directions. 
The elasticity of the latter turns out to be non-local below their roughening transition, pinning of 
these walls by disorder is negligible. In contrast, weak anisotropy, breaking the U(1) symmetry 
of the helix, results in domain wall pinning by the bulk. Walls of other orientations consist of 
pairs of vortex lines separated by vortex free parts. These are strongly pinned by disorder. The 
application to chiral liquid crystals is briefly discussed.



Universal Aspects of Non-Centrosymmetric  
Cubic Helimagnets

Christian Pfleiderer

TU Munich, Germany

The magnetic properties of non-centrosymmetric cubic materials with P213 space group 
are characterised by a hierarchy of energy scales comprising exchange interactions on the 
strongest scale, Dzyaloshinsky-Moriya spin-orbit interactions on an intermediate scale and 
higher order spin-orbit interactions on the weakest scale. This hierarchy of energy scales is at 
the heart of a remarkably universal appearance of the spectrum of spin excitations as well as 
the magnetic phase diagram, which supports the formation of a skyrmion lattice as a new form 
of magnetic order. 



Dynamics of magnetic whirls in chiral magnets

Achim Rosch

Cologne University, Germany

Spin orbit interactions and tiny magnetic fields induce magnetic whirls in chiral magnets. These 
whirls have the topology of skyrmions. They are efficiently coupled to electric currents by 
Berry phases which can be described by emergent magnetic and electric field. We discuss 
how currents, electric and magnetic fields can be used to control, excite and measure the 
skyrmions.

An interesting question is also how one can change the topology of a magnetic structure. We 
thereby investigate the destruction of the skyrmion lattice when the external field is reduced. 
We argue that the transition is driven by singular hedgehog defects which act as emergent 
magnetic monopoles.
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