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   Abstract 
We study the electron-phonon interaction effects in topological insulator thin films. We 
find that the band structure of topological insulator thin films is significantly affected 
by such interaction. In particular, the interplay of the energy band gap induced by the 
hybridization between the top and bottom surfaces of topological insulator thin films 
and the one induced by the electron-phonon interaction play important role in 
generating the effective band structure of the system. Moreover, we investigate the 
effect of temperature on the band structure.  
  
Introduction: 
Topological insulators (TIs) are an emerging class of quantum matter that has attracted 
a considerable attention in condensed matter physics and materials science. They 
possess gapped states in the bulk and gapless non-trivial boundary conducting 
states[1,2], including edge states of 2DTIs and surface states of 3DTIs. Such states are 
originated from intrinsic properties such as spin-orbit coupling, band inversion, bulk 
bands of opposite parities and are topologically protected by time-reversal symmetry. 
These conducting states in TIs are robust against disorder/impurities scattering and 
many-body interactions, leading to their potential applications in spintronics [3-6]. 
At low energies, these gapless surface states play very important role in the transport 
processes which are described by the massless Dirac equation in relativistic quantum 
mechanics. TI thin films have attracted significant attention because of their potential 
applications [7–9]. In this work, we study the electron-phonon interaction effects on the 
spectrum of topological insulator thin films. 
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Eigen values: 

   References: 

E= 𝐸λ + 𝑅𝑒[  (𝑘, ω)λ  ] 

Ho =  [𝑣𝐹(𝜎𝑥𝑝𝑦 − 𝜎𝑦𝑝𝑥) + ∆𝜎𝑍]𝐶𝑘𝐶𝑘†𝐾
 

Hph=ħω𝑞  𝑎𝑞†𝑞 𝑎𝑞 

He−ph=  𝑀𝑞𝐶𝑘𝐶𝑘†(𝑎𝑞 + 𝑎𝑞†)𝑘𝑞
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Eigen states: 

Strength  of coupling : 

Where 

The Hamiltonian for our system  

Model Hamiltonian:  

And 

Re[ 𝑘,ω𝜆 ]= -𝜋𝑀02  ∫ 𝑘´𝑑𝑘´
2𝜋 2𝜆´ 𝐺𝜆𝜆´(𝑘, 𝑘´)

𝑁𝑜+ 𝑛𝐹(𝜉𝑘´𝜆´)
ω + ω𝑠𝑜− 𝜉𝑘´𝜆´

+ 𝑁𝑜+1 −𝑛𝐹(𝜉𝑘´𝜆´)
ω − ω𝑠𝑜− 𝜉𝑘´𝜆´

 

The effective spectrum of  TIs thin  films assisted by phonon is  

H=Ho+ 𝐻𝑝ℎ + 𝐻𝑒−𝑝ℎ 

 𝑘,ω𝜆 = -1𝛽  𝑀𝑘𝑞𝜆𝜆"
2

𝑞,𝑖𝑣𝑛 𝐷 𝑞, 𝑖𝜔𝑛 𝐺0,𝜆′ 𝑘 + 𝑞, 𝑖𝜔𝑛 + 𝑖𝑣𝑛 .𝜆´  

with 

𝛽 = 1
𝑘𝐵𝑇

, 𝐺0,𝜆 𝑘, 𝑖𝜔𝑛 = 1
𝑖𝜔𝑛−𝜉𝑘𝜆

≡ bare Green′s function 

𝑀𝑘𝑞𝜆𝜆"  ≡ the interaction matrix element 

After the standard analytical continuation from 𝑖𝜔𝑛 to 𝜔 + 𝑖0+ the 
retarded self energy is given by 
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1
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𝜉𝑘𝜆=𝐸𝜆 − 𝜇, with 𝜇 as the chemical potential   
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Density of states: 


