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 Bulk is insulating; edge (2D)/ surface (3D) a very good conductor.

 Important ingredient: spin-orbit coupling: 

opposite force for opposite spins.

 Topological invariant is insensitive to any continuous deformation of 

Hamiltonian (topological protection): disorder, geometry, weak interactions, 

etc…

 2D: HgTe/CdTe; 3D: Bi2Se3, Bi2Te3 Sb2Te3, TlBiSe2, Bi2Te2Se.
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Examples:

…a new state of matter that has been predicted and discovered!

Topological insulator in a nutshell



S/TI proximity effect
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Symmetry classification of induced pair potential

Fermi-Dirac statistics

Symmetry of pair wave functions:

J. Linder et al., PRB (2008)



Majorana fermion

F. Wilczek, Nat. Phys. (2009)

Fu, Kane, PRL (2008)

Tanaka, Yokoyama, Nagaosa, PRL (2009)



Odd-frequency and Majorana
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Model: S/FI hybrid on TI surface

Bogoliubov – de Gennes – Dirac Hamiltonain

Green’s function (Nambu + spin space)

Anomalous Green’s function

singlet triplet triplet triplet

Bergeret, Volkov, Efetov, RMP (2005)



No warping

Anomalous Green’s function symmetry, Z is even in E and k
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Finite warping

Anomalous Green’s function z-component
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Majorana fermion realization
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Review

Thank you!

• We discuss singlet to triplet mixing in proximized 3D 

topological insulators with warped surface state

• We establish the selection rule for Majorana Fermion 

realization in S/FI structures formed on the surface of 

the TI: S/FI boundary should be properly aligned with 

respect to the snowflake contour.

• Spontaneous currents in S/TI hybrids.


