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Quantum batteries, which store and transfer energy at the quantum level, have attracted significant interest
for their potential applications in energy-efficient quantum technologies. Previous studies [1,2] demonstrated
that an exciton could be stored indefinitely in a symmetry-protected dark state of an open quantum battery
model, preventing environment-induced losses. However, an open question remained: how to efficiently
prepare—or charge—the battery in this dark state. In this work, we address this challenge by employing a
controlled optical charging mechanism. Specifically, we initialize the quantum battery in its ground state and
excite it using a continuous-wave laser field to an intermediate bright state located above the target dark state.
By leveraging a carefully engineered combination of coherent quantum dynamics and controlled dissipation,
we drive the system toward the dark state. Once the laser field is turned off after the dark state has been
fully populated, the battery remains in this symmetry-protected state, enabling indefinite energy storage.
Our results offer a pathway for practical implementation of quantum batteries and contribute to the broader
understanding of energy storage and transfer in open quantum systems.
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