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Abstract

Quantum sensing allows the detection of weak magnetic fields with high sensitivity and precision, enabling a
myriad of applications ranging from nanoscale nuclear magnetic resonance spectroscopy of biomolecules to
local probing of exotic condensed matter phenomena. In principle, the magnetic field sensitivity can be improved
by increasing the density of sensors in a given volume; However, beyond a critical density, this improvement in
sensitivity is severely hindered by undesirable interactions between the sensors themselves, typically also
accompanied by increased inhomogeneity among sensors. Here, using a dense ensemble of interacting electronic
spins in diamond, we demonstrate a novel approach to ensemble quantum sensing by designing a leading-order
fault-tolerant protocol that simultaneously suppresses interactions, disorder, and imperfect control, while also
achieving optimal magnetic field sensitivity. Such fault-tolerant dynamical control of the spin ensemble shows a
five-fold enhancement of coherence time compared to conventional methods such as the XY-8 sequence;
combined with unconventional spin initializations to fully utilize the effective magnetic field, this leads to a 40%
enhancement in magnetic field sensitivity relative to the conventional XY-8 sequence. Our results demonstrate
that the sensitivity limit set by interactions and control imperfections can be overcome, opening a promising
avenue for the development of nanoscale ensemble magnetometers with unprecedented sensitivity.
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