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Research focus of supervisor:  

We study quantum materials, i.e., materials whose properties are dominated by quantum 

mechanical effects. For example, the interaction of electrons with each other and between the 

electrons and lattice in a crystal leads to rich phenomena, including magnetic order, charge-

density waves and superconductivity. We grow single crystals of such compounds via solution 

growth techniques and chemical vapor transport. Their frequently still unknown structural and 

electronic properties are studied with a variety of techniques, ranging from crystal structure 

determination and chemical analysis, via electrical transport and thermodynamic properties, to x-

ray and neutron diffraction at low temperatures and in high magnetic fields. The effect of 

anisotropic stress and strain is frequently investigated with specialized techniques. We aim to 

thus understand and control the properties of complex materials and search for new quantum 

materials with exotic properties.  
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Summary of research plan:  

Background: A central issue in superconductivity research is to find materials with an ever 

higher transition temperature below which they superconduct. Therefore, it is also of great 



 

importance to understand how the superconducting transition temperature of a specific 

compound responds to external influences. By general symmetry arguments, only the square of 

the shear strain can change the superconducting transition temperature, which is why the 

effect is often overlooked. However, in the iron-based materials the quadratic shear strain 

response is large because of their exotic property as “nematic” materials.  

Study objective: We will investigate the effect of shear strain on the superconducting transition 

temperature of representative iron-based superconductors, such as Ba(Fe,Co)2As2 or Fe(Se,S). 

We will map out the composition dependence of the effect and search for maximum shear-

strain response of the superconducting transition temperature.  

Expected Results: The results will showcase the dramatic effect that nematicity has on 

superconductivity in the iron-based compounds and will elucidate the relation between these 

two electronic phases. Mapping out the composition dependence of the effect may also yield 

information pertinent to a possible quantum critical point in the two systems. It is strongly 

expected that at least one paper per investigated compound will be published in a journal of 

high reputation. We will also present the results at several international conferences.  

Methods: We will both turn to direct measurements of the strain-dependence of the transition 

temperature using uniaxial strain/stress tuning and indirect techniques, which use elastic 

modulus measurements and leverage thermodynamic Ehrenfest-type relations. Measurements 

will be performed at low temperatures and also in high magnetic fields. The corresponding 

infrastructure is currently in the build-up phase at the lab and will be available during the 

project.  

 

Candidate Requirements:   MSc in Physics. Solid knowledge of both experimental and theoretical 

solid-state physics, strong background in quantum mechanics and laboratory experience. Good 

English language skills. 

Motivation for CSC application:   We are an international group working on quantum materials 

and with a strong background in iron-based superconductivity. I have many close colleagues 

working in China and strongly appreciate the exchange. Our group will provide training in all 

aspects of quantum materials research, from sample preparation to the detailed analysis of 

complex experiments. We closely collaborate with the strong solid-state theory department at the 

university, using a broad range of theoretical methods. The Ruhr-University Research School, into 

which graduate students are integrated, furthermore offers opportunities for advanced 

qualification beyond the borders of a specific discipline and broad range of language classes are 

also offered.  


