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Defects with spins in solids � also known as spin centers � have been shown as promising long-lived qubits with the
ability to be optically initialized and interrogated. Interestingly, they have also been demonstrated to be noninvasive
quantum sensors with high sensitivity to both magnetic and electric �elds and temperature. Nevertheless, to unlock
the full potential of defect-based technologies, challenges such as the suppression of noise and the creation of spin-spin
entanglement need to be tackled. In this talk, I will discuss recent developments we developed on these two main points.
In the �rst part of my talk, I will discuss our recent theoretical results demonstrating magnons as mediators of coupling
and entanglement between Nitrogen-Vacancy (NV) centers [1,2]. Next, I will show how to experimentally determine the
NV-NV coupling mediated by magnons for a diamond slab on top of a YIG bar [3]. This is obtained through the magnon-
induced self-energy of the NV center, obtained by combining both room-temperature longitudinal T1 relaxometry and
the �uctuation-dissipation and Kramers-Kronig relations [3]. Further, we will discuss interfacing NV centers to di�erent
magnetic topological excitations. These include the use of magnon modes for entangling quantum skyrmions [4,5], the
use of spin centers to study both gyrotropic modes in magnetic topological vortex states [6] and topological magnons [7].
Finally, I will also discuss how to implement quantum simulation of the spin-chains and Dicke Hamiltonian using spin
centers [8,9].

In the second part, we study the electric noise in spin defects due to both �uctuations of the surface charged density
and the electrostatic potential at the surface of our crystal [10,11]. We show that the depth-dependence of the surface
charge noise is strongly in�uenced by the two-point correlation function of the charged particles' positions, rather than
solely by the character of the charge �uctuators, e.g., monopole or dipole [11]. We then show that spin defects can
be used for sensing of di�usion phenomena (and other surface electric dynamics), via their �ngerprints and signatures
within the spin defect's T1 and T2 [11]. Furthermore, we provide the �rst complete theory for dephasing and relaxation
processes of NV-centers that takes into account all the Lindblad dissipators allowed by NV symmetry [8]. We also study
the corresponding interplay of magnetic and charge noise (surface and bulk) on NVs [10]. By contrasting these �ndings
with our experimental data, we show that surface-charge noise is the dominant source of noise in bare diamonds, while
silica and TiO2-coated diamonds show a dominant bulk source [12,13]. This demonstrates suppression of the surface noise
via coating processes, with a corresponding 3.5-fold increase in NV-coherence times [12,13]. We demonstrate that the
implantation of silica-coated nanodiamonds in cells allows for probing cellular activity via the unaccounted transverse
dipole term, which induces systematic shifts in the zero-�eld splitting [14]. Finally, we also show an alternative method
for the suppression of both bulk and surface charge noise based on embedding spin-centers in p-n diodes [15].
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