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Upconversion photoluminescence
enen of light matter interactions in
Photons  an energy higher than the excitation energy. Since the
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Materials capable of light upconversion—transforming low-energy photons
into higher-energy ones—are pivotal in advancing optoelectronics, energy
solutions, and photocatalysis. However, the discovery in various materials
pays licde attention on few-layer transition metal dichalcogenides. primarily
due to their indirect bandgaps and weaker light-matter interactions. Here, we.
report a pronounced light upconversion in few-layer transition metal dichal-
© des through upconversion cence spectroscopy. Our joint
heory i study attributes the i i wa
resonant exciton-exciton annihilation involving a pair of dark excitons with
opposite momenta, followed by the spontaneous emission of upconverted
bright excitons, which can have a high upconversion efficiency. Additionally,
the upconversion photoluminescence s generic in MoS,. MoSey, WS;, and
WSe., showing a high tuneability from green to ultraviolet light (2.34-3.1eV)
The findings pave the way for further exploration of light upconversion
regarding fundamental properties and device applications in two-dimensional
semiconductors,

ranomatertal’. the demonstration of UPL has been reported in
Inorganic™, organic' ", and ognicinorganic hybrid® semi
conduuctars. Recent advancements, particularly in molecular systems.

process K able to generate high-energy photons, UL k of nterestina  employing triplet—triplet anaibilation, have achieved high-quancum
wide range of applications across various fields. such as biology ", efficency and/or low excitacion density in the upcoaversion
medicing”’, and eneviy’ . Starting from the very first rare-eantidoped  process™ . However, there s stll a growing deman for solidhstate
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