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	Project title: Topological Superconductivity for fault tolerant quantum computing
	Text1: Classical computing is built on logical operations in a system where information is stocked in one of two states, 0 or 1, often represented by a voltage level in a ‘bit’. If we replace this bit by a two level quantum system a fundamental difference arises from the fact that the general state of this ‘qubit’ is a coherent superposition of the the |0> state and the |1> state and is described in the 2 dimensional space generated by these two orthonormal basis vectors (2^n for n qubits).Such a two level quantum system can be achieved in different ways but current practical solutions employ Josephson junctions in superconductors. Quantum computing is interesting because it opens up the possibility of performing calculations like factoring, in polynomial time, while classical computing requires exponential time [1]. However the quantum states in the underlying qubits of any quantum computer should be robust (or fault tolerant) with respect to decoherence and systematic errors to avoid failure. Theoretically this is possible but the tolerance required is estimated to be very small and difficult to attain in practice. According to a recent publication [2], stray cosmic radiation in a natural environment is enough to induce decoherence which can compromise the functioning of a quantum computer.The bits in classical computers (for example the spin state of a magnetic domain) are fault tolerant. This is because even though thermal excitations can easily ‘flip’ or rotate an individual spin, interactions that exist in condensed matter ensure that all spins of the domain remain oriented in the same direction. Can a similar situation and robustness be attained in a quantum system? Topological insulators are materials whose bulk energy spectrum is gapped similarly to 'trivial' insulators, but their surface (or edge in 2D) presents conducting gapless states. 
	Image1_af_image: 
	references: [1] P. Shor, doi:10.1109/sfcs.1994.365700[2] A. P. Vepsäläinen et al., Nature 584, 551–556 (2020)[3] E. Sterpetti, et al, Nature Commun. 8 , 2060 (2017)[4] Z. Chen, et al., J. Mater. Chem. C , 6 , 12407-12412 (2018)[5] Z. Chen, et al., 2D Materials, 4, 025115 (2017)
	Text2: The gapless surface states are intrinsically linked to the transition between the topologically trivial exterior, to the 'non-trivial' interior of the material, and as such are robust against defects and external stimuli, since they do not depend locally on the surface itself. Similar topologically protected edge states can be found in topological superconductors, where gapless edge states exist within the superconducting gap. The superconductor should however be topologically non-trivial. The constraints on the superconductor are: lack of inversion symmetry and lack of time-reversal symmetry. Zero-bias excitations at the edge of such superconductors should be Majorana fermions which are protected by the whole superconductor. Hence topological superconductivity could play the leading role into building fault tolerant quantum computers from Majorana bound states.In this project, we will investigate topological superconductivity in two different ways. The first one lies in an atomically thin layer of high temperature superconductors that naturally lacks inversion symmetry. Externally suppressing time reversal symmetry with a weak magnetic field should enable the presence of topological edge states. The second way is to inject Cooper pairs from a 2D superconductor into the edge states of a 2D topological insulator by proximity effect. The success of both ways relies on our experience in fabricating and manipulating 2D layers of materials, such as superconducting high-Tc BSCCO [3], and their hetero-structures [4,5] and the thesis will concentrate on this aspect.The actual presence of topological superconductivity in these two systems can be probed by by building Josephson junctions to manipulate Majorana bound states. These experiments will require the fabrication of complex devices by clean room nanofabrication techniques. The experimental skills acquired during the thesis will be for device fabrication, exfoliation and low temperature transport (cryogenics, electrical measurements) as well as standard charcterization like AFM and Raman. A good knowledge of and interest for advanced Condensed Matter Physics is required and will be useful.
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