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In this talk, I will provide an overview of my research activity on spin-based phenomena in topological 

materials primarily using time-, spin- and angle-resolved photoemission as well as synchrotron-radiation 

methods. In the first part of the talk, I will concentrate on the spin-dependent properties of topological surface 

states (TSSs) in equilibrium by highlighting previous and recent results obtained using synchrotron-based 

photoemission at the RGBL-2 end-station permanently installed at the U125/2 undulator beamline of the 

synchrotron source BESSY-II in Berlin. This includes the first commissioning results concerning the spin 

texture manipulation of emitted photoelectrons from TSSs, the direct observation of magnetic and non-

magnetic gaps at the Dirac point of TSSs and hedgehog spin textures, as well as the realization of topological 

quantum-phase transitions between topological crystalline insulators and strong topological insulators.  

In the second part of the talk, I will focus on dynamical aspects such as observation of ultrafast spin-

polarized electrical currents in energy-momentum space, the emergence of anisotropic coherent-phonon 

oscillations on topological insulator surfaces or the electron relaxation dynamics near the critical point of a 

trivial to topological quantum-phase transition. Finally, I will discuss the impact of ultrafast carrier transport 

on the dynamics of TSSs following laser excitation, and describe how the complex and alternating transient 

spin textures observed above the Fermi level on sub-picosecond time scales affect the ultrafast channels of 

charge and energy transfer that are relevant for the relaxation of carriers.  

 
 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Example of a large magnetic gap at the Dirac point in Mn-doped Bi2Te3. The system exhibits (a) a self-organized 

alternating sequence of MnBi2Te4 septuple and Bi2Te3 quintuple layers, (b) an out-of-plane magnetic anisotropy which 

correlates with a band gap opening at the Dirac point of the topological surface state only below the Curie temperature Tc, and 

(c),(d) a ferromagnetic out-of-plane spin texture which can be resolved using spin- and angle-resolved photoemission [3]. 
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