Control of quantum interference through organic photonic crystal structures
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Due to their potential applications in optoelectronic devices conjugated polymers and molecularly-doped polymers have attracted considerable interest during recent years. At the same time, there has been much progress in the rapidly developing field of cavity quantum electrodynamics (QED). Within a resonant — or off-resonant — cavity, fundamental optical processes are modified in a characteristic way, e.g., inhibition or enhancement of spontaneous emission, nearly thresholdless lasing as well as the modification of the resonant dipole-dipole interaction.
In 1961, Fano proposed that in a system consisting of a discrete state coupled to a degenerate continuum a transition occurs through two interfering pathways, one directly through the continuum and the other through the discrete state. The result of this quantum interference is a characteristic asymmetric lineshape.  Here, the so called Fano factor characterizes the ratio between the transition probability from the excited state into the groundstate via the discrete state and transition probability via the continuum.
Embedding molecules in a photonic crystal structure results in two possible emission pathways owing to the structured nature of the density of states available for photons (discrete state) and to the essentially flat spectrum available for spontaneous emission into free space. Consequently, this system satisfies the condition to observe Fano resonances. Suppose that there is an interaction connecting the discrete sate to the continuum, so that a new “dressed” state is built as a superposition of the discrete state and the continuum. Now for an excitation the route to the ground state via the dressed state is equivalent to the two interfering pathways. Therefore, by scanning across the resonance, one can probe the ratio of the dressed and undressed transition probabilities. Here, we experimentally observed Fano resonances in our photonic crystal structures. Furthermore, we unequivocally demonstrate that quantum interference can be controlled by the quality-factor (Q-factor) of our photonic crystal structure as well as by the lifetime of the spontaneous emission. 
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