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Quantum information with superconducting circuits: 
qubits and microwave quantum memories 

 
Our team explores the physics of information in quantum electrical circuits that we design, 
model, fabricate and measure. In these superconducting circuits, quantum physics does not 
only intervene at the microscopic level of single electrons, but also at the macroscopic level, 
in the behavior of collective variables like voltages and currents. In this regard, these circuits 
are truly quantum machines. Since the first demonstration of a superconducting quantum bit 
more than a decade ago, a rapid progress has led to coherence times exceeding 0.1ms, 
quantum limited and non destructive readouts, implementations of high-fidelity quantum 
logical gates and generation and manipulation of a wide variety of quantum states of 
microwave radiation. The PhD candidate would contribute to this field by demonstrating 
various quantum protocols using microwave signals and superconducting circuits.  
 
The first protocols, which the candidate would implement, will consist of teleportation 
between distant cavities of non-classical states (such as a Schrödinger cat state), or 
entanglement transfer between microwave mode pairs and distant qubits. These protocols will 
use an already developed circuit able to dynamically tune the coupling between a cavity and a 
transmission line. During the internship, the candidate will optimize the efficiency of this 
circuit. 
 
This project should also be useful to implement a new paradigm for fully quantum error 
protected qubit registers. Using Schrödinger cat states for the field as a computational basis, 
the candidate would test an on-progress development able to protect the qubits from errors. 
This would obviously be a fantastic improvement towards concrete quantum computing. 
 
The candidate will collaborate closely with two specialists of theoretical quantum control: 
Mazyar Mirrahimi (INRIA) and Pierre Rouchon (Mines). 
 

 
 


