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Solid-state spin ensembles have emerged as a leading platform for micro- and nanoscale sensing,
combining high sensitivity, nanoscale spatial resolution, and operation under ambient conditions. At high
spin densities, magnetic dipole—dipole interactions typically limit sensing performance by reducing
coherence, but can in principle be harnessed to enhance sensitivity. Realizing such interaction-enhanced
sensing in practice, however, remains challenging due to the intrinsic anisotropy of dipolar interactions
and the random spatial distribution of spins.

This talk presents a series of experimental works that culminate in a practical interaction-enhanced
magnetometer based on ensembles of nitrogen-vacancy (NV) centers in diamond. Our approach is based
on collective, one-axis-twisting-like (OAT-like) dynamics engineered from native dipolar interactions
using controlled nanoscale spin textures, in combination with a dressed-state qubit encoding that
significantly extends the sensor coherence time. These results open the door to practical deployment of
interaction-enhanced quantum sensors for nanoscale biological imaging and material characterization.
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