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Optical conductivity for the surface of a Topological Insulator
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Abstract

The optical conductivity for the surface excitations for a Topological Insulator as a function of the

chemical potential and disorder is considered. Due to the time reversal symmetry the chiral metallic

surface states are protected against disorder. This allow to use the averaged single particle Green’s

function to compute the optical conductivity. We compute the conductivity in the limit of a finite

disorder. We find that the conductivity as a function of the chemical potential µ and frequency Ω

is given by the universal value σ(Ω > 2µ) = e2π

http://arxiv.org/abs/1302.4145v1


I. Introduction

For time reversal invariant systems one finds that for Kramer’s states the time reversal

operator ϑ obey ϑ2 = −1 and thus the second Chern number is given by (−1)ν = −1 where

ν is an odd number. Topological Insulators (TI) [1–4] are characterized by chiralic gapless

electronic spectrum. For the 3D TI material Bi2Se3 the surface state consist of a Weyl

equation with single Dirac Cone which is below the chemical potential µ and the bulk gap

0.3eV . Due to the topology the backscattering is suppressed [7] and therefore localization

might be prohibited. Tunneling scanning has confirmed the presence of backscattering and

therefore the presence of a topological metallic state. The conductivity results are less

conclusive, due the presence of the 3D bulk gap [6] or the insulating gap for thin layers TI.

The charge current operator for Weyl equation is identified with the spin on the surface of

the TI. Therefore for clean systems conservation of momentum will cause the low frequency

conductivity to vanish, only the optical conductivity for frequency Ω > 2µ (µ is the chemical

potential) is finite. In the presence of impurities elastic scattering conserve energy but not

the quasi momentum, giving rise to a finite Drude conductivity. Due to the spin orbit

interaction anti-localization effects dominate the physics giving rise to a metallic conductivity

[8, 10–12, 18]. For the Weyl equation the velocity operator is given by: dri



The surface state Hamiltonian of a Topological Insulator (TI)of the Bi2Se3 family ma-

terials is given by a the Weyl model [? ]. The presence a random potential and an electro-

magnetic field modify the Weyl model in the following way:

S =
∫

dt[
∫

d2rΨ†(~r, t)(i∂t − eA0(~r, t)Ψ(~r, t)−H ];

H = h̄v

∫

d2rΨ†(~r)[σ1(−i∂2 −
e



H0 is the unperturbed Hamiltonian and HD is the effect of the random potential on the two

bands. The spinors structure gives rise to vertex functions for the coupling to the random

potential in momentum space The vertex functions are given in terms of the particles and

anti-particles matrix elements where p stands for particles and a stands for antiparticles:

are given by:

V p,p(~k, ~p) =< u(+)(~k)|u(+)(~p) >;V a,a(−~k,−~p) =< u(−)(−~k))|u(−)(−~p) >;

V p,a(~k,−~p) =< u(+)(~k)|u(−)(−~p) >;V a,p(−~k, ~p) =< u(−)(−~k)|u(+)(~p) >

(5)

In agreement with the time reversal invariance ϑ2 = −1 we find that the backscattering is

prohibited: V p,p(~k, ~p = −~k) = e
i



function). The Green’s functions for a positive chemical potential µ > 0 are given by in

terms of the Fermi Dirac function for temperatures T → 0, fF.D.(ω̂) =
1



tions A± for particles and B± for antiparticles .



R1,1(~q,Ω) =
∫ ∞

−∞
dseisΩR1,1(~q, s)

R1,1(~q, s = t− t′) =
−i



−fF.D.(ω̂ + Ω)(1 − fF.D.(ω̂))
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FIG. 1: The conductivity for the entire frequency

To conclude we have computed the optical conductivity for the Weyl Hamiltonian which

describe the surface excitations of the TI for the entire range of frequencies. Due to the time

reversal invariance ϑ2 = −1 the backscattering is prohibited and the model belongs to the

sympectic ensemble justifying the use of the single particle approximation. The universal

value of the conductivity is given by σ(ω > µ) = e2π
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FIG. 2: The conductivity at low frequencies
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