
Topological effects in condensed matter systems 
 
Topology is a branch of mathematics concerned with properties of objects, which are preserved 
under continuous deformations, including stretching and bending. In past few years a new field 
of topological materials has emerged in condensed matter physics, based on the wide range of 
consequences that result from the realization that certain properties of physical systems can be 
expressed as topological invariants, which are insensitive to local perturbations. The language of 
topology allows to connect seemingly separate physical phenomena occurring in high-energy 
and condensed matter physics to each other. Topological quantum numbers are the foundation 
for the most accurate quantization of observables in condensed matter systems e.g. the ratio of 
the frequency and dc voltage in the ac Josephson effect and the quantization of the conductance 
in the quantum Hall effect. The same robustness and accuracy may soon be utilized to 
revolutionize the field of quantum computing with the help of topological qubits. Moreover, the 
consideration of the momentum space topology is currently guiding the search of new exotic 
phases of matter.  
 
We offer a wide range of research projects related to topological insulators, exciton 
condensates and topological superconductors. One of the most interesting aspects of 
topological superconductors is that they can support new type of quasiparticles: Majorana zero 
modes. The interesting property of Majorana zero modes is that they obey exchange statistics 
different from fermions and bosons. That is, if they are made to interchange positions, the 
system will transform from one ground state to another, so that these operations correspond to 
matrix transformations performed on the state of the system. The demonstration of a new type of 
quantum statistics would be a significant milestone in physics, and it also offers a promise for 
fault tolerant quantum computation because certain quantum gates can be performed with 
exponentially small errors. One of the very active research directions in our group is the 
exploration of the different platforms for realizing Majorana zero modes. We are also 
interested about exploring exotic transport properties in exciton condensates and to utilize 
topological materials for designing high-temperature superconductors and exciton 
condensates. 
 
We look for candidates with strong analytical or numerical skills (MSc in physics or 
mathematics) who find these topics very interesting and want to learn both analytical and 
numerical methods for studying many particle quantum systems. No background knowledge 
related to the research topics is required. For a successful candidate we offer a stipend for 4 
years (3 500 – 4 500 PLN per month, no taxes) to work at the International Centre for 
Interfacing Magnetism and Superconductivity with Topological Matter - MagTop (Scientific 
Division ON-6, Group of Physics of Majoranas ON 6.5). The successful candidate is expected to 
actively take part in international collaboration in terms of short-term research stays and 
by participating in conferences with the funding provided by MagTop. We are currently 
collaborating with the researchers at Microsoft Station Q in Santa Barbara, theoretical 
nanophysics group in Leiden, Quantum Statistical Physics Group in Leipzig and 
Condensed Matter Theory group in Jyväskylä.   
 
contact:   Timo Hyarth  thyart@gmail.com 
webpage: www.MagTop.ifpan.edu.pl  
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