
Optical Properties of Single Quantum Emitters in a 2D Insulator 

Gregory D. Fuchs 

School of Applied and Engineering Physics, Cornell University 

Color centers in wide bandgap materials offer an atom-like 

system that can serve as single photon sources for quantum 

optics, or as individually addressable qubits based on spin.  The 

most well-studied example is the nitrogen-vacancy center in 

diamond, however, the challenges associated with diamond 

substrates including their expense, limitation to millimeter 

scale, and lack of mature fabrication technologies have 

motivated a search for “quantum defects” in other materials [1]. The recent discovery [2] of bright, 

photo-stable, and spectrally-narrow single photon emission from defects in hexagonal boron 

nitride (h-BN) offers a promising toolbox for quantum optics because of the potential to easily 

integrate 2D single-photon sources into van der Waals heterostructures for electrical gating, and 

into pre-patterned optical structures for optical enhancement.  I will present our investigations of 

the optical properties of h-BN defects with the goal of understanding the underlying electronic and 

vibronic states.  We first perform a survey of optically isolated h-BN defects and we observe zero-

phonon line (ZPL) energies in a range that exceeds 500 meV.  Next we study the temperature 

dependence of the ZPL spectral width and amplitude.  We find that the results are consistent with 

a lattice vibration model that considers piezoelectric coupling with phonons in the defects two-

dimensional h-BN sheet [3].  We also examine the mechanisms of optical absorption and emission 

within the Huang-Rhys model.  We find that if the energy difference ΔE between the exciting laser 

energy and the ZPL energy is less than 200 meV, the largest phonon energy in h-BN, then the 

polarization axes for absorption and emission are nearly always aligned as expected.  However, if 

ΔE is greater than 200 meV, the polarization axes for absorption and emission can be misaligned 

by any angle between 0 and 90°.  This observation reveals the presence of two optical absorption 

mechanisms for h-BN defects – either through direct, phonon-mediated optical absorption between 

or through indirect optical absorption via an intermediate electronic state [4].  These results 

provide new insights into the electronic and vibronic processes within the optical cycle of single 

photon emitters hosted in a 2-dimensional insulator. 
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