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Abstract: Excitation energy transfer in biological light‐
harvesting systems spans a wide range of time‐scales,
with a description that makes use of coherent and
incoherent frameworks: coherent formulations are of
importance in order to account for observables within
single complex of tightly‐bound chromophores, and
results in a characterization useful to obtain classical
rates relevant for long‐range transfer. However,
fluorescence imaging experiments performed on quasi‐
1D synthetic arrays of bacterial LH2 complexes suggest
that long‐range inter‐complex transfer occurs two orders
of magnitude faster than expected from the classical
description. This observation challenges our current
understanding based upon excitonic relaxation rates measured in natural complexes and underlines that a
non‐trivial phenomenon is likely occurring in these biomimetic systems. We find that a compromise
between unitary dynamics and a slower dephasing than that observed in natural structures is required in
order to reproduce the observed diffusion. Starting from a microscopic model for the LH2 complexes, our
work has explored numerically several scenarios that could hinder inter‐complex dephasing in these
synthetic systems, among others, spatial correlations in the environment. The current results highlight the
requirement of a delicate balance between dephasing high enough in order to overcome local minima, but
low enough to boost the unitary propagation, while it sets lower bounds to the inter‐complex coupling
imposing a lower limit to the complexes’ packing density in these artificial structures.
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