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Dzyaloshinskii models in magnetism
Landau -Ginzburg-functional for some order parameter l

f = f0(l )+  x=a,b,c Ax (x l  x l )

+  Bijkl ( i lk j ll )

+ x=a,b,c dkl
(x) ( ll x lk - lk x ll )

Lifshitz invariants

OP l must be a pure symmetry mode ( transforming like an irrep of a (little) space group)

Dzyaloshinskii textures are described by free energies with (several) Lifshitz invariants



Standard Landau theory of 2nd order phase transitions is not applicable!

Lifshitz type invariants:

(
𝑑𝑀

𝐴𝐹𝑀

𝑑𝑧
)  F(MFM )

Couple various magnetic modes!

Where do they come from?       Mostly SOC in non-centrosymmetric magnets!

Beyond standard phenomenology of magnetism!
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Incommensurate (magnetic) phases



Precursor state: non-
topological double-twist 

or ball-solitons

Magnetic precursor state predicted and found  
near AFM-spin-density-wave state in Fe1+y Te

Mössbauer experiment Prediction based on elementary 
phenomenological theory for 
incommensurate helical SDW-state

y=0.13

y=0.15

Ph. Materne, C. Koz, UKR, M. Doerr, T. Goltz, H. H. Klauss, U. Schwarz, S. Wirth, and S. Rößler, PRL 115, 177203 (2015)



Frustration model 4 component OP

Glasses –

Chiral magnets

UKR, A.N. Bogdanov, J. Non-Cryst. Solids 343 (2008) 4198, 

A.A. Leonov, Thesis, TU Dresden 2012 https://nbn-resolving.org/urn:nbn:de:bsz:14-qucosa-83823

Skyrme’s B=1 hedgehog ansatz



Phase diagram for the frustration model
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A.A. Leonov, Thesis, TU Dresden 2012 https://nbn-resolving.org/urn:nbn:de:bsz:14-qucosa-83823



S. Coleman, Erice Lectures 1976

Two mechanism for multidimensional solitons

(1) Gauge and matter fields (Faddeev) (2) Higher-order-gradient terms (Skyrme)

Lett. Math. Phys 1, 289 (1976)

Multidimensional solitons – field theoretical



(1) Chiral helimagnets (2) Higher-order-gradient terms

Dzyaloshinskii-Moriya coupling Exchange frustration

Lifshitz invariants Higher-order gradient terms

Multidimensional solitons – in magnets



S. Coleman, Erice Lectures 1976

Two mechanism for multidimensional solitons

(1) Gauge and matter fields (Faddeev) (2) Higher-order-gradient terms (Skyrme)

Lett. Math. Phys 1, 289 (1976)

Multidimensional solitons –

Synthesis of the two mechanisms ? I.L.Bogolubsky, A.A. Bogolubskaya!



Can we find more types of textures  -
- in magnetism ?





More complex underlying magnetic order

O. Meshcheriakova et al. PRL 113 (2014) 087203

MPI for the Chemical 

Physics of Solids

Chemistry Department

As realized in 
acentric  invervse
tetragonal 
Heusler alloys

Synthesis + Experiments + 
Electronic structure 
calculations

MPI-CPFS A.J. Nayak, 
O.Meshcheriakova, 
S.Chadov, C. Felser and 
many co-workers



Phenomenological Landau-Ginzburg model

Intermetallic ternary compounds – inverse tetragonal Heusler structure

+ many Lifshitz-type invariants

+ anisotropies

O. Meshcheriakova et al. PRL 113 (2014) 087203
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Phenomenological Landau-Ginzburg model

Intermetallic ternary compounds – inverse tetragonal Heusler structure
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Top view



Phenomenological Landau-Ginzburg model

Intermetallic ternary compounds – inverse tetragonal Heusler structure

F

f
l

Textures

Dzyaloshinskii spiral – handed rigid body rotatation

Skyrmion core   – Cnv symmetry

Top view

center ill defined !



Improper Dzyaloshinskii textures

Lifshitz-type invariants!

System with co-existing ordering modes : e.g. l and f

gij
(x) ( li x fj - fj x li )

BUT  these terms play a role only near multicritical point



Metamagnetic textures
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Experiments
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R. Cubitt, 
SANS, D33

K. Kummer, XMCD,
ID32

J. White, SANS
SANS-II

N. Kikugawa, 
crystal growth

A. P. Mackenzie
C. W. Hicks
H. Borrmann
U. Burkhardt

E. Ressouche

M.Bleuel

D.A Sokolov
Experiments



Ca RuIIRuI O

Experiment : Ca3Ru2O7

Dmitry A. Sokolov, N. Kikugawa, T. Helm, H. Borrmann, U. Burkhardt, R. Cubitt, E. Ressouche, M. Bleuel, K. Kummer, A.P. Mackenzie, UKR

Nature Phys. 15, 671 (2019)

Ruddlesden Popper bilayer phase

polar / non-centrosymmeric

orthorhombic crystal structure Bb21m  (C2v)

simple layered antiferromagnetic order



Experiment : Ca3Ru2O7

SANS



Ca RuIIRuI O
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Metamagnetic texture in Ca3Ru2O7

Dmitry A. Sokolov, N. Kikugawa, T. Helm, H. Borrmann, U. Burkhardt, R. Cubitt, E. Ressouche, M. Bleuel, K. Kummer, A.P. Mackenzie, UKR

Nature Phys. 15, 671 (2019)



Theory for Ca3Ru2O7

+

Free energy near tricritical point

Exchange

Landau part

Anisotropies



Theory for Ca3Ru2O7

Lifshitz invariants

Lifshitz-type invariants



Candidate systems
EuNiGe3

acentric (I4mm)

BaNiSn3-type

antiferromagnet

Complex metamagnetic phases 

Maurya et al. JPCM 2014 Unique Helical Magnetic Order and Field-Induced Phase

in Trillium Lattice Antiferromagnet EuPtSi
Koji Kaneko1,2+, Matthias D. Frontzek3, Masaaki Matsuda3, Akiko 

Nakao4,

Koji Munakata4, Takashi Ohhara2, Masashi Kakihana5, Yoshinori Haga6,

Masato Hedo7, Takao Nakama7, and Yoshichika Ōnuki

Journal of the Physical Society of Japan 88, 
013702 (2019)
https://doi.org/10.7566/JPSJ.88.013702



-FeOOH goethite

Antiferromagnet TNeel 325 – 405 K 

Unclear high-field spin-flop

Centrosymmetric space group (Pnma)

Nearly degenerate magnetic configurations AFM 1 & 2

Energy difference 28 meV / f.u.

from preliminary 

DFT results (fplo) GGA 
ground state AFM 1 AFM 2 

Spatial parity even odd



Can we make it more complicated ?

Aiming at glassy groundstates in magnetic systems
without quenched disorder

Spin liquids …
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Experiments W. Schweika, J. Reim (FZ Jülich, Lund),  M. Valldor (IFW now U Oslo)

Chiral Spin Liquid Ground State in YBaCo3FeO7

YBaCo3FeO7
Swedenborgite type 
3D geometric frustrated

Polar crystal structure P6_3mc

Polarized neutron scattering
Chirality of magnetic structure factor



Lifshitz type invariants

Primitive model for swedenborgite spin-structure

36

Lifshitz invariants

D (mx  x mz – mz  x mx + my  y mz – my  x mz) (T7)

glm (lx  x mz – mz x lx + ly  y mz – mz  x ly) (T8)

f lm (lx  z mx – mx  z lx).



Lifshitz invariants

Landau-Ginzburg free energy functional

Lifshitz type invariants:

Combined (large) order parameter

Rewritten – Lifshitz- and Lifshitz-type invariants act as gauge-vector potential:

Bogomolnyi-type equations

D
() ( 1 1 - 1  1) . (T1)

wi =  Ai ( i )2 + D i
() ( i i - i  i)+ a i ( T-Tci ) (i )2 +  bi ((i )2)2 ,

i=1,2   (T2)

Continuum theory with „many“ ordering modes
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G
() ( 1 2 - 2  1). (T3)

W = A (  )2 +  
() (    -   ) (T4)

W = [(  +  d 
() )  ]2 + anisotropic terms , (T5)

(  +  d 
())  = 0. (T6)

 = (1 , 2 )



Gauge freedom
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W = [(  +  d 
() )  ]2 + anisotropic terms , (T5)

’ = R(x)   (T10)

d’ = g(R(x)) d (T11)

Creation of local non-collinear lumps of mixed mode-character
gauge-fixing locally impossible – case of Elitzur theorem

Lumps are no skyrmions ! No topological stabilization

geometry of spin-textures Maps ( S3  M ).
(Infinite) crystal, E3  {∞} = S3 onto order parameter manifold M 

But topology & sphalerons Klinkhamer,Manton 1984, Manton 2019
kth homotopy group :   k (Maps ( Sk  M ) = k+l (M) not always trivial

1. J.A. Hertz, Gauge models for spin-glasses, Phys. Rev. B 18 (1978) 4875

2. F.R. Klinkhamer, N.S. Manton, A saddle-point solution in the Weinberg-Salam theory, Phys. Rev. D 30 (1984) 2212
3. N.S. Manton, The inevitability of Sphalerons in Field Theory, arXiv:1903.11573
4. C.H. Taubes, The existence of a  non-minimal solution to the SU(2) Yang-Mills-Higgs equations on R3 : Part I. Commun. Math. Phys. 86 (1982) 257, Part II. ibib. 299.



Glassiness and frozen gauge fields



Where to look : The ingredients

• Magnetic system with multicriticalities

• Many sublattices with competing primary modes (irreps)

• Geometric frustration can help

• Lifshitz-type invariants : broken inversion symmetry mandatory

Gradient part of free energy : frozen gauge field background



System Crystal symmetry
PbCuTe2O6 P4132 
Cu2Te2O5X2 (X=Cl, Br) P-4

FeCrAs P-62m
Bi3Mn4O12(NO3) P3

A(TiO)Cu4(PO4)4  (A=Ba, Pb, Sr) P4212

Ca10Cr7O28 Whitlockite-type R3c

Na4Ir3O8 P4132
La4Ru6O19 I23
LaIrSi-type intermetallic compounds
EuPtSi, CeIrSi

P213

Swedenborgite type magnets
Y0.5Ca0.5BaCo4O7

YBaCo4O7

CaBaCo3FeO7

YBaCo3FeO7

P63mc
Pbn21

Pbn21

P63mc
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Coupled AF modes:

-FeO(OH): AF mode breaks inv. symm.
Fe2P: hex, multicritical point under
pressure. J. Staunton et al., PRB 2013
Classical!

Improper Dzyaloshinskii textures in magnetic materials

What
No true 3D long-range order
in LGW description
(magnetic space groups or
representation analysis)

Why
Lifshitz invariants
couple & twist many
magnetic modes

Beyond Ca3Ru2O7: EuPtSi
cubic P213, AFM, 
field induced helical  A-phase,      
K. Kaneko et al., JPSJ, 2019
EuNiGe3, tetra I4mm, AFM, 
transition in ~2T 
Classical!

La4Ru6O19: cubic I213, 
no order, nFl, QCP?
P. Khalifa et al., Nature, 
2001, PRB 2009 

LaIrSi: cubic P213, 
no order, SC 
B. Chevalier et al., 
SSC, 1982

Where
Materials hosting lumps of
magnetic order, but condense
without long-range order:
magnetic skyrmions, textures, 
spin liquids

Na4Ir3O8: cubic P4132, Y. 
Okamoto et al., PRL 2007

YBaCo3FeO7: hex, P63mc, 
no order, strong frustration.  
M. Valldor et al., PRB 2011

Chiral Spin liquids due to Lifshitz invariants: 
frustration in 3D, role of quantum fluctuations?

Curtsey, Dmitry Sokolov



Thank you for listening ! 


