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3D Topological insulators surface states

e 3DTI :insulator with odd number of topologically

protected surface states (BixTes , BixSes, strained HgTe...)
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® Strong spin-orbit coupling : Spin-momentum locking

® Dirac fermions Hamiltonian : H = ﬁvF(E X 7),



Transport in mesoscopic physics

® Mesoscopic physics = weak disorder, coherent
transport A Ll < L, Ly

® Scattering of the electrons on impurities

® FEach trajectory has a given probability amplitude a;

® Conductivity o Z a; a;
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Quantum corrections to conductivity

® |n case of time-reversal symmetry : added contribution
° )

Diffuson . Cooperon

® Constructive interference suppressed by magnetic field :Weak
localization (Altshuler et al., 1980)
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Weak anti-localization

® |n presence of 3D spin orbit impurities (Hikami et al., 1 980)
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V(k, k') = UId+i\k x k').5)

® Elastic scattering time modification
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WL to WAL correction induced by SOC from

Weak anti-localization!

impurities for electrons with parabolic dispersion



Coherent transport of Dirac fermions

® Dirac fermions + scalar disorder : weak anti-localization

th :Tkachov and Hankiewicz, PRB 84 (201 I)
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Summary of coherent transport

® Dirac fermions + scalar disorder : weak anti-localization (dot)

® Electrons w/ parabolic dispersion + 3D spin-orbit impurities :
crossover from weak localization to weak anti-localization (line)
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® What is the effect of the spin-orbit impurities on the Dirac
surface states physics!?
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Elastic scattering time

® Model : Dirac fermions + weak scalar disorder + SOC from
Impurities ~ .
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® FElastic scattering time via Fermi golden rule
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® Self energy calculation
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® New :Linear dependance in A of the elastic scattering time!



Diffusion constant o = e?p(Er)D

® Solving the kinetic equation

B = [ o VIR (B ~ BE)(F) ~ 1B
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® Standard diagrammatic technique (ladder diagram)
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® New : Dependence of the diffusion constant on A!



Quantum correction to conductivity

® Cooperon structure factor
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® | singlet mode and 3 triplets : one single diffusive
(gapless) mode
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® Always weak anti-localization



What we learnt in coherent transport!

Dirac fermions
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® Dirac fermions : always weak antilocalization

® Hikami-Larkin-Nagaoka : dependance on the dimension (in 2D,
SU(2) symmetry not totally broken, | triplet remains)



Conclusions and perspectives

® Linear dependence in A of the elastic scattering
time

® Diffusion constant dependence in A

® Weak anti-localization preserved

® Hikami-Larkin-Nagaoka formula do not give WAL
for surface states

® Derivation of the quantum correction to
conductivity in presence of magnetic field

® Characteristic mag. field
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