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1. Introduction
• Spin angular momentum transfer between conduction electrons

and localized magnetic moments at normal metal/ferromagnet
interfaces enables current-induced spin-orbit torque (SOT), a
crucial functionality in next-generation spin memories [1].

• We develop a general nonperturbative framework to evaluate the
SOT in disordered Dirac materials. This allow us to develop a unified
microscopic theory of SOT including skew scattering effects.

Fig.1 Metal/ferromagnet bilayer. The current J generates a spin density S that
interacts with the local magnetization m, thereby exerting a torque. 

2. Self-consistent diagrammatic theory

Our formalism is based on linear response theory. The nonequilibrium 
spin polarisation S is obtained as

where      is the spin-density-charge-current response function. The 
response function is evaluated by means of the diagrammatic technique   
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(a)where G is the Green’s function,       is the 
spin density vertex and       is current density. 
We perform the disorder  average <…>dis
non perturbatively in the impurity potential 
(Fig.2a), which allows us to investigate weak 
and unitary (resonant) scattering regimes alike (Fig.2b).

Finally, the torque is obtained as

Fig.2 (a) Diagrammatic representation of the renormalised
charge vertex. (b) Illustration of the skew scattering mechanism.
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Surface states of 3D topological insulators are described by the Hamiltonian

where      is the vector of Pauli matrices,     is the Fermi velocity and    is the 
exchange coupling generated by the interaction between the TI and the 
ferromagnet.  At low energy, the dispersion relation is well described by Dirac 
cones shifted and gapped by the magnetic interaction (Fig 3). 

• Our theory is non perturbative in the 
exchange coupling, which allows us to
study the torque angular dependence. 

• Spin-momentum locking generates the 
familiar Edelstein spin accumulation, 
which corresponds  to the elements       

of the response function [3,4].

Skew scattering activates all the other entries 
of the matrix      that contribute significantly to 
the SOT (Fig.4).

We also obtain analytic results in the limit of weak exchange coupling 
and low magnetisation angles:
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K̂
Fig.3 Band structure of the TI with 
exchange field     .
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(a) (b)

Fig.4 Torque efficiency as function of the magnetisation angle. Dilute resonant 
impurities have been used. (a) m-odd component. (b) m-even component.

3. Application to TI/Ferromagnet bilayer
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