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Precision measurements are a cornerstone of modern quantum technologies. Whereas high-precision measurements have
traditionally been performed on macroscopic length scales, solid-state quantum sensors now enable precision measurements with
nanometer spatial resolution. Using the electron spin of individual atomic defects, such as the nitrogen-vacancy (NV) center in
diamond, local quantities including magnetic and electric fields, temperature, and strain can be measured with exceptional
sensitivity on the nanoscale. These capabilities provide unprecedented insight into the microscopic properties of quantum
materials. As an example, we have recently investigated magnetic order in twisted two-dimensional magnetic crystals [1] or the
vortex formation in two-dimensional NbSe. superconductors. Nanoscale quantum sensors not only measure static but also
dynamic processes. We have used this to e.g. measure molecular diffusion or charge carrier fluctuations as well as
unconventional quasiparticle dynamics in superconductors. Most importantly, quantum sensing can be significantly enhanced by
exploiting multiqubit sensors. This can be either multiple electron spins or nearby ancilla spins as local quantum processing
qubits. This approach can be used to extend the accessible measurement bandwidth without sacrificing sensitivity and enables
advanced sensing protocols. As a striking example, we demonstrate the realization of a quantum Fourier transform for the
spectral analysis of oscillating magnetic fields [2]. We extended this approach to achieve a significant enhancement in sensitivity
through using ancilla quantum bits as robust quantum memories [3,4].
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