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Towards an error-detected spin quantum memory protocol  

Electron spins in solids can have coherence times 

exceeding seconds [1], and as such are attractive qubit 

candidates; however, creating a coherent interface 

between single electron spins and other quantum 

systems, such as superconducting qubits, is 

challenging. In the Quantronics group at CEA Saclay, 

we are investigating a novel platform for this purpose: 

Tb spin defects in a CaWO4 crystal [2] coupled to a 

superconducting resonator. 

We recently realised a device exhibiting 

high-cooperativity coupling between a terbium spin 

defect and a superconducting resonator, meaning the 

spin interacts coherently with the resonator’s 

electromagnetic field, which has never been 

demonstrated before in such systems. This is enabled 

by a so-called ‘clock transition’ – a magnetic-field-insensitive optimal working point of one of 

the Tb spin transitions which has been measured in the Quantronics lab to have a T2* 

dephasing time longer than 10 ms. This transition also has an effective gyromagnetic ratio 

more than 8× larger than a free electron, meaning that it couples particularly strongly to 

resonant microwave-frequency magnetic fields, such as the field of a superconducting 

resonator. This combination of long coherence and large coupling is key to reaching the high 

cooperativity regime. 

The long-term goal of this project is to realise a deterministic error-detected quantum memory 

protocol, in which a quantum state is transferred from a superconducting transmon qutrit to a 

single Tb spin and back again (see Fig.1). This will require coherent photon emission from the 

transmon via a parametric process. This photon will be transferred and absorbed by a Tb spin 

via a tunable coupling between a single Tb spin and an ultra-low impedance (ULI) resonator 

[3]. This internship will involve design, simulation and optimisation of the ULI resonator 

including tuning electrodes to control one or more Tb spins via electric fields. 

This project combines superconducting devices with spin physics, microwave quantum optics 

and quantum information processing. Experimental techniques include cleanroom work, 

low-temperature microwave measurements in dilution refrigerators and single-spin magnetic 

resonance spectroscopy. The student will team up with a PhD student and postdoc. The 

student will be jointly supervised by James O’Sullivan, Emmanuel Flurin and Patrice Bertet. 
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