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Abstract: By studying Nitrogen Vacancy (NV) centers embedded in diamond cantilevers,
we show that the coupling between the cantilever and the NV leads to novel coherent pop-
ulation dynamics when combined with two microwave driving fields. © 2019 The Au-
thor(s)
OCIS codes: 270.5585, 270.0270.

Hybrid mechanical systems offer a variety of routes to study fundamental questions regarding the coupling of
the quantum states of disparate systems, including cooling the motion of mechanical oscillators to their ground
states [1]. To study these effects, mechanical oscillators have been coupled to a variety of qubits, including super-
conducting circuits [2], quantum dots [3], cold atoms [4], and single spins [5].

In our work, we make use of the negatively charged nitrogen vacancy (NV−, written here as just NV) center–an
artificial atom comprising a nitrogen impurity and an adjacent vacancy in a diamond crystal lattice. The NV center
has shown promise in a wide range of sensing and quantum information applications, including sensing of AC and
DC magnetic fields [6] and coherence protection [7]. Their usefulness arises from their ease of use and preparation,
including room temperature operation, long coherence times, and optical spin polarization [8]. Additionally, the
S = 1 spin triplet ground state of the NV is easily manipulated with microwave magnetic fields [8]. Their coupling
to the strain of the host crystal has long been studied, from static bending experiments to quantify the coupling
parameters in the spin triplet ground state [9], to coupling single NVs or ensembles to mechanical resonators to
study the effect of dynamic strain fields [7, 10, 11].

Here we exploit strain coupling to form a so-called closed contour interaction (CCI), i.e. we simultaneously
address the two magnetic dipole (MD) transitions |0〉 ↔ |±1〉 of the S = 1 ground state with magnetic microwave
fields while simultaneously using strain to drive the MD-forbidden |+1〉 ↔ |−1〉 transition. We show that simul-
taneous driving of all three transitions gives rise to novel dynamics and coherence protection schemes, as well as
offering new states for sensing and fundamental tests of state preparation. Fig. 1a shows the NV level structure
along with our CCI driving scheme. When all three driving fields are present, a novel control parameter emerges:
the global phase, given by the combination of the individual driving phases Φ = φ1 +φ2−φ3. By preparing our
NV in the state |ms = 0〉 and allowing it to evolve in the presence of all three driving fields, we observe oscilla-
tions in the population of the state |0〉 as a function of the evolution time, as shown in Fig. 1b. We show that these
oscillations are due to the emergence of dressed states with Φ-dependent coherence times [7].

By controlling the ramp shape of our microwave pulses in our CCI driving scheme, we can initialize our system
in a single dressed state and study its coherence properties directly [12]. We explore the properties of these three-
level dressed states, studying both their coherence protection and sensing properties. We aim to use these properties
to directly study dynamical decoupling and noise spectroscopy in the dressed state basis, as well as to use them as
future testbeds for novel state transfer protocols.
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Fig. 1. Three-level dressed state dynamics. a) Level diagram of the NV, in which the microwave
fields of frequency ω1,2 and Rabi frequency Ω1,2 drive the |0〉 ↔ |∓1〉 magnetic dipole transitions
and a dynamic strain field of frequency ω3 and Rabi frequency Ω3 drives the |+1〉↔ |−1〉 transition.
The phases of the driving fields are indicated by φi. b) The population of the |0〉 state P|0〉 shows
oscillations in the presence of the three driving fields, with both the oscillation frequencies and
decay times depending on the global phase Φ = φ1 +φ2−φ3. The inset shows the pulse sequence
used in the measurements. Figures reused with permission from [7].
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