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Chiral Fields

Non-local interactions, connect the lattice with the spin symmetry 
anisotropically 



Chiral Phases due to Dipolar Interactions



Chiral Phases due to Dipolar Interactions



Toroidal Orders
Zero  magnetization and  a  

spontaneously  occurr ing 

toroidal moment

It can arise from the orbital and spin moments

Toroidization	 T	 is the antisymmetric part of 

magnetic quadrupolar moment density Qij



Moire Bilayers of	Dipoles

Two square lattices of magnetic dipoles stacked along z

Twisted bilayer forms a crystal for a discrete set of commensurate 
rotation angles.

Moire pattern induced by twist 

has periodicity



Magnetic orders in Moire Dipolar bilayers
HI HII

TZZ TAF

TZZ TAF

Molecular Dynamics

Order parameters



Phase Diagram in terms of	h and θ



Bi: Magnetic field due to dipoles in layer  on sites of layer .  and 

 components of Bi cancel out

μ ν ̂x
̂z

At zero twist Bi is staggered along ferromagnetic chains

Interlayer Magnetic field at zero twist

ZZ phase

θpq = 0



Twist affects the internal Magnetic field

1)	It is a vector quantity, its components change like those of other vectors

2)	B(r) depends on coordinates r, which in terms of rotated ones r′ changes according to

The overall infinitesimal change in B(r)

     in two ways 



Twist arises a new  component̂x

Toroidal Conjugate Field

Component orthogonal to chains gives rise to torque 

Gradient expansion F(r) of layer  in the inhomogeneous magnetic field created by 
dipoles in layer  (δBtwist small and varies slowly in space.) 

μ
ν



Conjugate field

Toroidal Conjugate Field

Component orthogonal to chains gives rise to torque 

 component couples to the toroidal moment̂z

linear-response



Conclusions

•Toroidization can be induced by a twist, it can be tuned by h and   

• Twist between layers triggers a net magnetic torque orthogonal to the bilayer 
system. It leads to new magnetic orders. 

• New magnetic phases are magnetization-free, break time, and inversion symmetry 
and depict chiral motifs that realize a toroidal moment orthogonal to the bilayer. 

• Conjugate field to the toroidization is proportional to the twist.

θ





Chirality:	 all	 mirror symmetries are broken (or absent).

Passing  through  the  chiral  spin textures, electrons undergo 

precession and exchange angular momentum with it.

Dzyaloshinskii_Moriya	
interaction

(DMI)	is	a	chiral	 field:	 it	
twists	the

magnetization and leads to 
winding textures, 

Magnetic Chirality



1) The phase space density of states D is modified through the Berry curvature between the real and momentum space. 
2) The band energy is affected by the spatial inhomogeneity 

Correction to free energy density at first order

withLocal	 approximation:	 the	 system	 can	 be	 described	 by	 a	 set	 of	 local	 Hamiltonians	 Hc	 that	 respect	 the	 lattice	 translational	 symmetry	 and 
eigenstates that are Bloch states.

Variation of the j-th component of B(r) induces a	 change of the polarization: magnetoelectric polarizibility

Semiclassical theory of	 spin toroidization

Spatial inhomogeneity of B(r) 

Bloch electrons subject to perturbations varying slowly in space
translational invariant



• Order	 of	 magnetotoroidal	 moments 
in arrays of	 nanoscale building blocks

made	 from	 a	 soft-magnetic	 alloy. 
Local	 	control	  of	 ferrotoroidicity

achieved by scanning a magnetic tip

• AF  and  F  spin  couplings  in  magnetic 	
insulators  can  give  rise  to  noncollinear 	
magnetic textures for small twist angles

• Ferrotoroidal	 order	 coexisting	 with 
AFM in LiCoPO4

• Linear		 coupling	 of	 polarization 
with	 antiferromagnetic	 order

parameter in MnTiO3


