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Our group has strongly demonstrated the excellent properties of organic molecules trapped in solid
matrices as single-photon sources in terms of indistinguishability, coherence, and photostability. [1,
2] When brought to cryogenic temperatures, such emitters can be described by a simple two-level
system model. [3] Recently we proposed extending this toy-model description by explicitly including
the internal vibrational degrees of freedom, with the final goal of turning them into compact
optomechanical devices. [4] This however requires to excite them in the high-saturation regime to
reach strong optomechanical coupling. It has been reported that in this regime molecular emitters
show an anomalous behavior above a certain excitation intensity. [5]

The goal of this work is to clarify the physical origin of this effect. Our work shows that the latter is
not compatible with a simple laser-induced heating of the matrix. Instead, the anomalous saturation
is well described by absorption from the excited state towards a fast decaying dark state. We propose
that this dark state is related to the matrix, linking anomalous saturation to the optical Stark shift.
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