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Towards building quantum processors with spin qubits 
 

The nitrogen vacancy center in diamond has recently emerged as one of the most promising 

candidates for quantum information processing. Its electronic spin has a remarkably long 

coherence time and can be easily addressed and readout using well-defined optical transitions. 

However, the major challenge for a quantum processor architecture based on nitrogen 

vacancy centers is the realization of gates between distant electronic spins. 

 

In this project, we propose to solve this issue by using a superconducting circuit that will act 

as a quantum bus and allow the generation of entangled states and gates between distant spins. 

This approach requires reaching the so-called strong coupling regime, a regime where the 

coupling strength between a single spin and the superconducting circuit is much higher than 

the decoherence rates of both systems.  

 

To reach this goal represents a technological challenge. Indeed, the spin should be situated 

precisely in the close vicinity of an ultra-thin superconducting circuit characterized by high 

vacuum current fluctuations. Among all superconducting circuits, flux qubits are ideally 

suited for this kind of application due to their large magnetic dipoles. We have shown recently 

that by placing a flux qubit in a three dimensional cavity and choosing properly its design 

parameters, it is possible to reach reliably long coherence times, above the threshold limit for 

strong coupling to a single spin. We want now to demonstrate the strong coupling regime 

between a single NV center and a flux qubit embedded in such a cavity. 

 

Experimental techniques : clean-room techniques (optical and e-beam lithography, fabrication 

of tunnel junctions) in-house facility, low-temperature cryogenics (20mK), ultra-low-noise 

microwave measurements, confocal microscope measurements 

 

The student will work under the supervision of the scientist in charge. This internship can be 

followed by a PhD, on the same subject at Bar Ilan University (Israel). 

 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics:  YES/NO     Macroscopic Physics and complexity:

 YES/NO 
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