
Moscow, Russia - 2024

Физические механизмы спин-

токовой модели поляризации 

мультиферроиков

Andreev P. A., Trukhanova M.I.

Lomonosov Moscow State University, Moscow



Multiferroic materials 

-- Ferromagnetic materials with 

Ferroelectric properties

I-st Type 

Coexistence of 

Ferromagnetic 

and  

Ferroelectric 

properties

II-nd Type 

Multiferroics

of 

Spin origin



Multiferroic materials, 

II-nd Type -- Classification



Models of Multiferroic materials

    P M M     M M

Mostovoy M., Ferroelectricity in Spiral Magnets, PRL 96, 067601 (2006)

Tokura et al , Multiferroics of spin origin, Rep. Prog. Phys. 77, 076501 (2014)

S. Dong et al , Multiferroic materials and magnetoelectric physics:

symmetry, entanglement, excitation, and topology, Advances in Physics, 2015

Spin current model:
P J  

J is the spin current tensor 



Model and corresponding 

spin evolution equation I
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Model and corresponding 

spin evolution equation II
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Same model and corresponding 

Momentum evolution equation 

–derivation of the Spin Current model
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Spin Current model

As a condition of absence of currents

P J
mc

  


Spin Current: How to get it? 
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Polarization for the Spin Current

from HH

P J
mc
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Same polarization can be found 

as average of edm operator
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Polarization for the Spin Current

from HH: 

Comparison with “Tokura and Mostovoy”
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Spin Current from DMI

2

( )

1

3

DM DMP J
mc

g
mc

  













  S

 ( )

2 3 2 3

( )

2 1 2
[ ] [ ]

6

1
[ ] [ ]

3

( ) ( ) ( )

t u

u ij ij ij

g J E
c

g S S

g U d g d r

   

 





 
 

 

       

     

      

    

S S B S S

S S

D r δ

 

( )

( )

1
[ ]

3

1

6

DM

DM

g S S J

J g S S

   



    





 

   

 

P J
mc

  




Spin Current from DMI: 

Comparison with “Tokura”
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Same polarization can be found 

as average of edm operator
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Spin Current from DMI: 

non-homogeneous contribution
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Same polarization can be found 

as average of edm operator
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Spin evolution equation and 

Polarization evolution equation
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