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Spin-accumulation can be produced at the edges of a conducting bar by injecting an 

electric current into a non-magnetic material with high spin-orbit coupling. This effect is 

called Spin Hall Effect (SHE). It is easy to understand the SHE intuitively in the 

 Mardi 18 octobre 2022 à 10 h 30

Bâtiment Fermat

Salle F-4109

https://www.physique.uvsq.fr/


Page 2

framework of the two-spin-channel model, as it is simply the classical Hall effect applied 

to each spin channel. This simple intuitive description will be presented and discussed. 

The global picture (see figure below) should be understandable without any preliminary 

knowledge about spin-dependent transport phenomena.

However - from a more quantitative point of view - an important difficulty arises in the 

formal description, which is the same as for the classical Hall effect: it is due to the fact 

that the amount of electric charges accumulated at the edges of the Hall bar is not 

directly imposed by the external constraints but by the system itself, in reaction to the 

current injection and the effective magnetic field (like for the Le Chatelier-Lenz principle). 

As a consequence, since the quantitative determination of the solution of the spin-

dependent drift-diffusion equations necessitates local boundary conditions, this 

determination is problematic.

We show that the problem can be solved on the basis of a least dissipation principle [1-

4]. The global constraints are then used instead of the missing local boundary conditions. 

The minimization of the dissipation functionnal - under the approximation of both weak 

and strong spin-flip scattering - leads to analytical expressions of the spin-currents and 

spin- accumulation.
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