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Spin Active Hybrid Superconducting Circuits 
 
Nano-circuits combining superconductors and low-dimensional coherent conductors (like 
carbon nanotubes, semiconducting nanowires and 2D electron gases, etc.) offer a rich arena 
for novel device concepts such as sources of spin-entangled electrons [1], nanoscale 
superconducting magnetometers [2], or proposed Andreev [3] and Majorana qubits [4]. The 
underlying physics of such hybrid devices rely on a small set of discrete states in their 
excitation spectrum: the Andreev Bound States (ABS).  
 Our group has recently performed two experiments revealing the nature of ABS: the 
tunneling spectroscopy of a carbon nanotube connected to superconducting electrodes [5] and 
more recently, the microwave spectroscopy [6] and coherent quantum manipulations of these 
states in a superconducting atomic contact. Our results illustrate the universality of the 
concept of ABS, which allows to understand a large class of superconducting hybrid circuits. 
 We propose to explore the role of spin in Andreev bound states physics by using hybrid 
structures combining superconductors and low dimensional semiconductors with strong 
spin-orbit coupling. Such systems, at the frontier between spintronics and superconducting 
electronics, open a promising field of research. For instance it is predicted that, under suitable 
conditions, such systems could host composite Majorana fermions [7], a new type of 
"particle" which is its own antiparticle.  
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