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Topic description  

 
Successful quantum error correction is key to fault-tolerant quantum computing. Quantum error 
correction codes encode quantum information redundantly in entangled multi-qubit states, allowing 
to counteract decoherence by measuring quantum correlations. In general, there is a threshold in 
the amount of noise that a correcting code can tolerate, such that below threshold the quantum 
information is recovered with fidelity approaching one. This is analogous to a percolation transition 
in a porous material, when the material remains impermeable with probability one below the 
percolation threshold. A seminal work by Dennis, Kitaev, Landahl and Preskill in 2002 showed that 
the toric code, a famous error correcting code, could be mapped to the Random Bond Ising model, 
a paradigmatic model of a classical phase transition. Here we propose to explore new models of 
quantum error correcting codes and their mappings to classical phase transition problems, aiming at 
pinpointing their universal aspects. 
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the applicant should be highly motivated and possess a strong background in quantum physics. 
Good programming knowledge (e.g. in python or julia or C++) is also required. The applicant should 
have received training in theoretical physics during their master thesis, both on analytical and 
numerical methods. Knowledge of quantum computing, quantum information, quantum error 
correction, and/or of statistical models and phase transitions would be a plus, but is not required.  
 
During the research project, the student will have the opportunity to develop the following skills: 
perform analytical calculations (using integrability techniques, field theory techniques), computer 
programming and numerical simulations (exact diagonalisation, tensor networks), team work, 
project implementation and management, writing and presentation skills (scientific paper writing, 
seminars and presentations in international conferences). The applicant should be motivated to 
carry out team work in a collaborative, international and multidisciplinary environment. 

 


