
Characterization of Hexagonal Boron 
Nitride Quantum Defects as an SLH Tensor 
Network 

Defect-based quantum emitters in hex-
agonal boron nitride (hBN) are promis-
ing for the development of spin-photon 
interfaces, but its quantum emission 
has yet to be fully understood at room 
temperature due to multi-environmental 
interactions. In this work, we combine 
a quantum input-output network frame-

work with tensor network methods to describe the pho-
ton emission in the boron vacancy quantum defect, V-

B 
as an SLH triple, GhBN. We showcase a time-evolving 
block decimation algorithm between optical and spin 
transitions to a first-order perturbation, which the ten-
sor network scales on a polynomial order as it reaches 
a steady-state solution. We investigated the effects of 
a range of power of a coherent laser state exciting the 
primarily radiative port of GhBN, highlighting the output 
photon emission of characteristic slow radiative decay 
rate and fast radiative decay rate associated with an em-
pirical lifetime of 0.7 ns. Our results and methodology 
demonstrate that quantum emission is emphasized by 
the time scale of the lifetime and the influx of photons at 
the input port of GhBN.
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