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Quantum simulation is a way to study physical phenomena in regimes which are difficult to 
model theoretically or difficult to observe in synthesized materials. One example is the 
Hofstadter regime in which the magnetic length is on the same order of magnitude as the 
lattice periodicity of a crystal. For atomic distances of several angstrom, the magnetic field 
needed to enter this regime is unattainable in laboratories. Moreover, it remains challenging 
to find platforms that allow studying the effect of different orbital and lattice symmetries, as 
well as spin-orbit coupling on the resulting electronic states in this regime. 

In this talk, I will present a quantum simulator based on patterning Cs atoms on the surface 
of InSb(110) by scanning tunneling microscopy. Cs ions can be patterned into 
nanostructures with tailored confinement potentials. These nanoscale quantum dots exhibit 
multi-orbital wavefunctions reminiscent of a 2D artificial atom. By varying the confinement 
potential gradient, we can tune the spin-orbit coupling in individual artificial atoms. These 
artificial atoms can be coupled over long distances of multiple nanometers to emulate 
planar molecular structures and lattices. I will show the response of these artificial 
electronic states to strong magnetic fields. The influence spin-orbit coupling originating from 
out-of-plane (Rashba) and in-plane potential gradients on the multiplet structure will be 
discussed. Further, I will discuss indications for field-induced phase transitions in the 
Hofstadter limit when the magnetic length approaches the lattice spacing. 

   


