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ABSTRACT 

Our aim here is to focus on the role and strength of the spin orbit coupling (SOC) in the band dispersion of 
the topological insulator Bi2Se3. This material is characterized by bulk band inversion induced by the SOC. 
The gap thus hosts a surface state with intriguing spin properties. In the vicinity of the Dirac point the shape 
of the constant energy surfaces is circular, while at lower binding energies the shape undergoes a hexagonal 
and eventually “snowflake-like” warping. The hexagonal symmetry is transferred from the bulk to the surface 
states via hybridization mediated by the surface resonances. The phenomenon of warping has been explained 
by means of semi-empirical methods such as the k•p Hamiltonian, but a description of the phenomenon 
starting from first-principles DFT calculations is still lacking. In collaboration with Ju ̈rgen Braun (LMU 
University) we have compared the experimental data obtained at ARPES AND tr-ARPES with ab-initio 
ARPES spectra calculations. Both have been performed along the high symmetry directions of the crystal (GK 
and GM) in order to account for the experimental conditions and geometry (photon energy, photon 
polarization, incidence angle) and varying the SOC at different fractions of its initial value down to 50%. The 
relative intensities between the two surface state branches are well reproduced for all the SOC values, thus 
showing that the calculations take correctly into account the matrix element effects, for both probe 
polarizations and high symmetry directions of the crystal. Decreasing the SOC induces significant and 
detectable changes in the band structure around the Dirac point. A stronger SOC induces a stronger warping 
of the constant energy surfaces and a larger bulk gap, hence decreasing the population between the two surface 
state branches. This last finding questions the idea that the Coulomb repulsion between surface states and bulk 
bands is the only mechanism responsible for the warping. Agreement with our experimental data around the 
Dirac point and in between the surface state dispersion is obtained only for a relative SOC strength of 70% or 
less.  

 


