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Abstract: Understanding mechanisms that can strengthen and enhance the robustness of superconductivity 

against external perturbations, such as high temperatures, strong magnetic fields, or large electrical 

currents is key to improved superconducting applications. This motivates investigations of the 

fundamental properties of superconductors under challenging conditions. 

In this presentation I will focus on two extraordinary material classes, comprising conventional and 

unconventional superconductivity: 

Superhydrides, i.e. metal-hydride systems also known as polyhydrides, synthesized at megabar 

pressures, exhibit signatures of phonon-mediated superconductivity close to room temperature with 

upper critical fields beyond 100 T. The required diamond-anvil-pressure-cell environment poses a 

huge challenge to the realization of complementary methods for the investigation of the fundamental 

properties of these materials. Our experiments combining electrical transport in pulsed magnetic 

fields, contactless radio-frequency transmission and nuclear magnetic resonance in steady magnetic 

fields have provided unambiguous evidence for their superconducting ground state. [1,2] 

Ferromagnetic superconductors, more specifically Uranium-based compounds, exhibit very unusual 

superconducting behavior associated with a spin-triplet-type order parameter. In particular, the heavy-

fermion superconductor UTe2 has excited our community very recently. Although it is a highly 

anisotropic paramagnet, UTe2 shows clear signs of multiple distinct superconducting phases with 

upper critical fields reaching beyond 70 T. We have been conducting high-precision transport 

measurements in high magnetic fields on multiterminal microstructure-samples. Our approach 

provides access to its coherent Fermi surface, the field-enhanced and reentrant superconducting 

phases, as well as vortex dynamics in the vicinity of the respective phase transitions. 

I will discuss our current understanding and where research is headed next for those fascinating 

material classes. 
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