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In semiconductors, the identification of doping
atomic elements allowing to encode a qubit within
spin states is of intense interest for quantum
technologies. So far, most works on single dopants
in semiconductors have been performed on silicon,
using phosphorus dopants, or diamond, using NV
centers. These semiconductors allow long spin-
coherence time because of their weak spin-orbit
coupling. In contrast, in 2H-transition metal
dichalcogenides (TMDCs), the combination of
strong spin-orbit coupling and multiple valleys in
the band structure provides protection against |
decoherence. Indeed, in TMDCs, the spin remains a | Ay
good quantum number, and this, even in the | : .
presence of strong spin-orbit coupling. Furthermore, ——————— —= |
because of the multiple valleys in the band

structure, the electronic states are characterized by " tadneucFiesm’™

an additional valley index, which is locked to the

spin index. This reduces the sensitivity of the spin to scattering processes because spin and
valley indexes must change simultaneously. In this context, it is essential to identify dopants
or defects in 2D semiconductors that could constitute host of spin-valleys states. To that end,
we studied the substitutional Bromine dopant in 2H-MoTez. Electron spin resonance
measurements show that this dopant carries a spin with long-lived nanoseconds coherence
time, Fig. la. Using scanning tunneling spectroscopy, we find that the hydrogenic
wavefunctions associated with the dopant levels have characteristics spatial modulations that
result from their hybridization to the Q-valleys of the conduction band, Fig. 1b. From a
Fourier analysis of the conductance maps, Fig. 1c, we find that the amplitude and phase of the
Fourier components change with energy according to the different irreducible representations
allowed by the site point-group symmetry. These results demonstrate that a dopant can inherit
the locked spin-valley properties of the semiconductor and so enables long spin coherence
time, which open new perspectives for qubits research.
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