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Electron spin resonance (ESR), also known as electron paramagnetic resonance (EPR), and nuclear 
magnetic resonance (NMR) are two broadly used characterization and imaging techniques, employed from 
medical and bio applications to chemical characterization of paramagnetic complexes [1]. Recently, in an 
important breakthrough in Nanoscience, it has been demonstrated that it is possible to combine ESR 
spectroscopy with scanning tunneling microscopy (STM) [2-5]. With this combination it is now possible to 
investigate atomic-scale magnetic systems with an unprecedented energy resolution (nano-eV scale). 
However, while numerous experimental groups have succeeded in implementing this STM-ESR technique, 
the physical mechanism behind it is still under debate [6]. The goal of this master thesis project is to develop 
a complete and consistent theory of electron spin resonance spectroscopy in the context of STM 
experiments probing single magnetic impurities on surfaces.  
 
For this purpose, the master student will learn and apply a variety of theoretical techniques ranging from 
nonequilibrium Green’s function techniques to describe the electronic transport in STM experiments, to 
master equations to describe the dynamics (including relaxation and decoherence) of atomic-scale systems 
under a microwave drive. This theory project will be carried out in close collaboration with one of the leading 
experimental groups in the field, namely with group of “Atomic-scale Phenomena” led by Christian Ast in the 
Max Planck Institute for Solid State Research in Stuttgart (Germany). 
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Figure 1: (A) Experimental setup of the STM-ESR. (B) Example of an ESR spectrum. Adapted from Ref. [6]. 


