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Coupling N-V centers to 
superconducting resonators: 
Effects of inhomogeneous 
broadening

Hybrid quantum systems are one promising approach to exploit quantum mechanics for information processing. The main 
challenge in this field is to counteract decoherence - an inevitable companion of every quantum system. Indeed there are 
some quantum systems that are intrinsically better isolated from their environment and less prone to the loss of coherence; 
but generally these systems have shown to be very difficult to interact with and coherently control. Here we present 
experimental results of our efforts to couple an ensemble of negatively charged nitrogen-vacancy centers to the 
electromagnetic field of a superconducting coplanar waveguide resonator. Important aspects of collective spin-field coupling 
are discussed on the basis of spectroscopic as well as time-domain measurements. Moreover, we will present recent 
theoretical results that highlight the importance of inhomogeneous broadening on the dynamical behaviour and the 
coherence properties of the strongly coupled system.
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Four-Qubit Entanglement in 
Solid-State Systems at Room 
Temperature

A spin in solid-state systems is a good candidate for the qubit because progress of material design implements well-controlled 
quantum systems. However, the entanglement is susceptible to decoherence. So, in solids, there is no result of the 
entanglement generation among more than four qubits. Here, we generate the entanglement among a single nitrogen- 
vacancy electron spin and three nuclear spins at room temperature.
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Stochastic Optimal Control on 
a Quantum Many-Body 
System

Optimal Control (OC) has emerged as a powerful tool to engineer the dynamics of quantum systems. Especially in the 
context of a scalable quantum device with many interacting constituents, OC techniques are expected to play an important 
role for tasks such as state initialization or the efficient and robust implementation of quantum algorithms. We present an 
experimental implementation of an Optimal Control scheme to engineer the motional dynamics of an ultracold 87Rb cloud 
trapped on an atom chip. As an example, we demonstrate the suppression of a breathing mode subsequent to a quench of 
the external trapping potential. The control scheme is based on stochastic optimization of a suitable cost function with the 
help of a Genetic Algorithm, which allows for easy generalization to very different control problems.
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Creation of nitrogen-vacancy 
centres for cavity QED

We present the creation of NV centre ensembles for quantum applications, using a variety of irradiation and implantation 
techniques. We have irradiated nitrogen-rich artificial diamond samples for applications including magnetometry, electric 
field sensing and coupling of NV ensembles to microwave resonators. Here we compare the effects of neutron irradiation, 
electron irradiation and electron irradiation at high temperature, showing that the latter leads to high conversion efficiency 
and low damage in the crystal lattice. We furthermore present measurements which display the charge-state dynamics 
(population transfer between NVO and NV-) in dependence of the density of nitrogen and NVs. Finally, we present our efforts 
towards the creation of arrays of NV centres by nitrogen implantation with a spatial resolution on the order of 25 nm. This 
will enable the precise positioning of NV centres in optical microcavity arrays, with the aim of enhancing their weak zero- 
phonon transition.
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Photonics and electronics for 
nitrogen vacancy control

Deterministic indistinguishable singe photon sources are one of the key requirements for the realisation of Optical Quantum 
Computing. Recent low temperature experiments have shown the potential of the negatively charged nitrogen vacancy (NV-) 
centre as a source of indistinguishable photons (1,2). Furthermore its ground state spin structure with excentional 
decoherence time and spin dependent transitions means it can be harnessed as a spin-photon interface. However, 
development of these potential applications requires exquisite control of the electronic and spin states via Stark and Zeeman 
shifting, as well as enhanced photon collection through photonic structures. Here we present the integration of micro- 
fabricated solid immersion lenses with lithographically defined gold electrodes for control and spin manipulation. [1] Bernien, 
H., et al. Phys Rev Lett. 108(4), la5 . (2012). [2] Sipahigil, A., et al. Phys Rev Lett, 108(14), la5. (2012).


