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After the discovery of graphene in 2004 [1], many two-dimensional (2D) materials have been found 
including hexagonal boron nitride (hBN). Besides enhancing the properties of 2D materials, hBN triggered 
a large number of research work because room-temperature quantum emitters have been discovered [2]. 
However, the generation of these ultrabright quantum emitters is mostly uncontrolled and their 
microscopic origin remains elusive. Here, we present a novel generation process to create luminescent 
centres in hBN by irradiation engineering [3]. We systematically study the density of luminescent centres 
at different irradiation energies and irradiation fluences (defined as the number of oxygen atoms per 
area). Increasing the irradiation fluence by ten results in a five-fold enhancement of the density. In 
combination with molecular dynamics simulations we clarify the generation mechanism, for the first time 
to the best of our knowledge. Furthermore, we infer that two defects are most likely generated, namely 
VNCB and VB-. Ab initio calculations of these defects show excellent agreement with experimental 
photoluminescence line shapes. The generation of quantum emitters by irradiation engineering is a step 
towards the controlled generation of quantum emitters in hBN. Furthermore, the presented irradiation 
engineering is wafer-scalable and could be adapted to other irradiating atoms or ions as well as other 
gapped 2D materials. 
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