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Chiral Magnets:   time reversal + spatial inversion symmetry  broken

centrosymmetric crystals: 
space group contains  
              inversion center 

simultaneously

non-centrosymmetric 
crystals: 
space group contains no 
inversion center 

separately
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How do the domain walls look like?

Bloch wall (Bloch 1932)
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Neel wall



Centrosymmetric Crystals: Systems
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Tb,Dy,Hot

Ho T<19K

TbMnO3



Centrosymmetric Crystals: Model (i)
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✓



Centrosymmetric Crystals: Model (ii)

Domain with   

Ainsotropic superconductor with magnetic flux restricted to an interface 

✓

Topological defects



film plane perpendicular to helical axis
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Centrosymmetric Crystals: Domain Walls (i)
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Centrosymmetric Crystals: Domain Walls (ii)

(a) Hubert walls (1975):  domain walls perpendicular to helical axis 
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Centrosymmetric Crystals: Domain Walls (iii)

(b) Vortex walls :domain walls not  perpendicular to helical axis , 
no exact solution exists

?

X
�' 6= 0



⇡

x
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Centrosymmetric Crystals: Domain Walls (iv)

Defects:  Vortex domain wall parallel to helix





 Mostovoy 2006:   Coupling to electric polarization
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Centrosymmetric Crystals: Multiferroics

vortex lines are charged



Electrons moving adiabatically in  exchange field  
of  magnetization experience Berry's magnetic field

Centrosymmetric Crystals: Topological Hall effect*

*Ye,  Kim, Millis, Shraiman,  Majumdar, and Tesanovic

m3=2  : Skyrmeon 

force on vortex line



m3=1  : Meron 



Non-Centrosymmetric Crystals: systems and model

FeGe , MnSi, Fe1-xCoxSi 
!
Heisenberg-spins  + weak cubic anisotropy

Dzyaloshinskii-Moriya interaction gMi ⇥Mj

Hncs = J/a

Z
d3r

(
(rm)2 + 2qm · [r�m] + v

X

�

m4
�

)

m(r) = e1 cos�(r) + q�1r�⇥ e1 sin�(r),v = O(q4)

Hamilton-Jacobi equation of free particle: width of the wall O(q)
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Domain wall bisector to   
wave vectors of adjacent domains
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Non-Centrosymmetric Crystals: Hubert walls



R = SO(3)/Z2

�3(R) = Z (non-trivial texture)

�2(R) = 0 (no point defects)

�1(R) = Z4 (stable line defects)

C2

C0

C1

C3

e1 e1

⇡ ⇡

G.E. Volovik, V.P. Mineev, 1977, "Investigation of singularities in superuid 3He  
and liquid crystals by homotopic topology methods," Sov.Phys. JETP 45 1186 - 1196  

2π#disclina+on- π#disclina+on- #π#disclina+on-
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Domain wall is not bisector to the wave vectors of the adjacent domains

Numerically calculated vortex domain wall 

Vortex domain walls much heavier than Hubert walls, 
 may decay in zig-zag structure of vortex-free domain walls
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FeGe, Uchida et al. 2008
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Domain walls in helical magnets are always two dimensional 
textures (vortex lines), in contrast to Bloch or Neel walls, 
with the exception of special orientations (Hubert walls). 
!
Vortex walls generate Berry’s field -> topological Hall effect  
-> domain walls can be manipulated by electric current.  
!
In Multiferroics vortex lines  are charged. 
!
!
!

Conclusions 
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!
Helical magnets appear in centro- and noncentro-symmetric crystals. 
!
Topological defects in a helical magnets are twisted vortices and domain walls. 
!
In centrosymmetric materials as Ho,Er,Tb the wave vector of the helix can have either sign. 
!
Domain walls are Hubert and vortex walls and their superposition. 
!
Domain walls in helical magnets are caused by a weak anisotropy. Nevertheless neither their 
width nor energy depend on anisotropy. 
!
 At almost any orientation of the plane domain wall it contains a chain of linear magnetic vortices 
whose energy is logarithmically large. 
  
There are several exceptional orientations of domain walls – bisectors of two wave vectors 
determining the helixes far from domain wall – that correspond to “easy” vortex-free domain 
walls. Domain walls of other orientations can be alternatively formed as conjugated pieces of 
these “easy” walls (zig-zag structures). 
  
Domain walls in helical magnets are always two dimensional textures. Domain walls generate 
Berry’s field interacting with electrons and bend their  trajectories. 

Conclusions and prospects
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Angular dependence of  
 surface tension

⇡

⇥(�)a2/J

0 �/2
↵ ↵

Hubert wall always stays flat!
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Centrosymmetric Crystals: Domain Walls (v)
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Hubert wall is always flat!

Centrosymmetric Crystals: Domain



Centrosymmetric Crystals: Topological Hall effect*

m3=1  : Meron 

force on vortex line





Detour: 
!
Defect structures = deviation from perfect order 
!
Classification according to homotopy groups :   Toulouse & Kleman (1976) 
                                                                          Volovik & Mineev    (1977) 
                                                                          Mermin                   (1979) 
!
Degeneracy space  
!
Consider mapping of a subspace        of       on           
!
Ensemble of equivalent mappings:    homotopy group ⇡d(R)

RR3Vd

R
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Continuum Hamiltonian

⇥ = qz, q = ±(�/a)ẑ, |q|a � 1.

=>  Two solutions of opposite chirality

r? = x̂@
x

+ ŷ@
y

symmetry r ! �r

m2 = 1 mx + imy = ei�.

Hcs = J/a

Z
d3r

⇢
(r?m)2 � �2

2
(⇥zm)2 +

a2

4
(⇥2

zm)2
�
.
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(ii) wall in the xz-plane similar to Bloch wall: magmetization rotates   
                                                                   around normal to the wall 
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Motivation



(iii) wall in  yz-plane similar to Neel wall: magnetization rotates around 
                                                                                   axis in the wall 
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x

y

⇡

Defects:  vortex line parallel to helix

real space

⇥k ⇡ 2�J lnL

nw =
H
C d⇥/2� = �1 R = S1 � S0

degeneracy  space

�⇡

⇡
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Defects:  vortex line perpendicular to helix

x

⇡

z
real space

FeGe,  Tokura et al. ‚08

�⇡

nw =
H
C d⇥/2� = �1 R = S1 � S0

degeneracy  space

�⇡

⇡

⇥? ⇡ 2�J
n

q ln
⇣

Lq
�

⌘

+
p
5

16a ln1/2
⇣

�
qa

⌘o
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[0, 1, 0]

[0, 0, 1]

[1, 1, 1]

v < 0 v > 0 [1, 1,�1]

Cubic anisotropy: order parameter space
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Defects: Hubert domain wall perpendicular to helix

⇡

x

z

� ⇠ Jaq3

�⇡
 

⇡

R = S1 � S0

degeneracy  space

nw =
H
C d⇥/2� = 0
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q1

q2

n

e1 = q̂1 ⇥ q̂2

domain wall

0

1

2

3

q1r = '1

q2r = '2

Integration contour
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Hubert walls (1975): 
domain walls perpendicular to helical axis 

m = (cos⇥, sin⇥)
n

r2
? +

a2

4

⇥

6(⇤z⇥)2 � 2q2 � ⇤2
z

⇤

⇤2
z

o

⇥ = 0

⇤z⇥ ⌘ � ! domain wall in �4
theory
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Domain walls parallel to helical axis ? 

?

X
�' 6= 0
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Example: Ising domain wall,        
! �0(R) = Z2

+

Present case: degeneracy  space 
!
!
!
!
!
!
!
!
!
!
!
=>    stable defects are vortices and domain walls

⇥d(R) = Z�d,1 + Z2�d,0

�⇡

⇡

+�

⇡

�⇡

m

�

R = S1 � S0

���41



film plane perpendicular to helical axis



hmi ⇥mi+1i = 0



q1

q2

n

e1 = q̂1 ⇥ q̂2

domain wall

0

1

2

3

q1r = '1q2r = '2
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