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In this talk I will give an introduction to Angel Resolved Photoemission Spectroscopy (ARPES) at first. 

Then I will focus on one project we have finished recently that we firstly observed the long-awaited 

magnetic Weyl Semimetal state in the paramagnetic phase of EuCd2As2 family. Weyl fermions as 

emergent quasiparticles can arise in Weyl semimetals (WSMs) in which the energy bands are 

nondegenerate, resulting from inversion or time-reversal symmetry breaking. Nevertheless, 

experimental evidence for magnetically induced WSMs is scarce. Here, using photoemission 

spectroscopy, we observe that the degeneracy of Bloch bands is already lifted in the paramagnetic phase 

of EuCd2As2. We attribute this effect to the itinerant electrons experiencing quasi-static and quasi long-

range ferromagnetic fluctuations. Moreover, the spin-nondegenerate band structure harbors a pair of 

ideal Weyl nodes near the Fermi level [1]. Hence, we show that long-range magnetic order and the 

spontaneous breaking of time-reversal symmetry are not essential requirements for WSM states in 

centrosymmetric systems and that WSM states can emerge in a wider range of condensed matter 

systems than previously thought. 
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Fig.1 FM Spin fluctuation induced band splitting and the discovery of magnetic Weyl semimetal states. 
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The 2-dimensional electron gas (2DEG) formed at the surface and interfaces of SrTiO3 [1,2,3] has 
attracted great interest because of its fascinating physical properties and promise as a novel electronic 
platform [4,5], but up to now has eluded a stable way to tune its properties. Using angle-resolved 
photoemission spectroscopy with and without spin resolution we here show that the band filling can 
be modified by growing thin SrTiO3 films on SrTiO3(001) substrates with different Nb doping levels. 
This results in a single spin-polarised 2D Fermi surface in a superconducting system [6], which can be 
used as platform for Majorana physics. Based on our results it can furthermore be concluded that the 
2DEG does not extend more than 3 unit cells into the film and that its properties are strongly affected 
by the dielectric response of the system. 
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Figure 1. The spin-polarised 2DEG on SrTiO3 crystals and thin films. (a) Schematics of the electronic structure of the 2DEG on 
STO crystals, consisting of two circular 3dxy-derived states (red and blue) and ellipsoidal 3dxz- and 3dyz-derived states (green). 
The inset shows the surface cubic Brillouin Zone. (b) llustration showing the crystal structure of STO and the STO film grown 
on 0.5 wt% Nb-doped STO substrate, along with the band structure of the hosted 2DEG. In this case, the Fermi level lies in 
the Zeeman gap at the SBZ centre, thus resulting in a single spin-polarised 2D Fermi surface. This band structure, along with 
the superconducting properties of STO, makes this material a 2D Majorana platform. 


