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The nitrogen-vacancy (NV) center is a remarkable point defect in diamond that is at the frontier of
quantum technology [1]. In particular, the NV center has many exciting applications as a quantum sensor
in nano-metrology, including magnetometry, electrometry, thermometry, piezometry and gyroscopy.
Indeed, it is possible for a single NV center to measure the complete three-dimensional vector of a local
electric field or the position of a single elementary charge in ambient conditions [2]. The promising
applications of the center have driven fundamental inquiry into its properties, which combined with a
simple and robust physical model, has yielded a rich understanding of its physics. However, there are
several issues with important implications for the center’s applications that are yet to be resolved.
In this presentation, I will report recent investigations into the theory and applications of the mechanical
and thermal properties of the NV center. This will include my discussion of a novel technique to
comprehensively determine the orientation of a single center’s defect structure [3,4] as well as the
behavior of the center’s optical and spin resonances under hydrostatic pressure [5], uniaxial stress [6,7]
and variations in temperature [8,9]. The orientation measurement technique is a critical enabler of the
center’s vector sensing applications and motivates new applications in multi-axis rotation sensing, NV
growth characterization and diamond crystallography. The hydrostatic pressure and uniaxial stress
studies provide the foundation for the application of the NV center in piezometry and force sensing as
well as yield new insight into the center’s electronic and vibronic properties. The temperature studies
deliver an explanation of the temperature shifts of the center’s spin resonances as well as highlight an
avenue to NV sensing in environments with varying temperature and pressure. Additionally, the
temperature studies inspire an all-optical nano-thermometry technique that may rival the current
technique exploiting the center’s spin resonances.
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