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Abstract:  
 

The very process of funneling the absorbed photon energy within the chlorophyll antennae system of photosynthetic systems 

was a critical evolutionary turning point in living systems. It is one of the primal events leading to living systems and occurs on 

ultrafast times scales approaching the known decoherence time for optically induced coherences/excitation. If there was a 

biological function where pure quantum effects could be manifest, one would expect it to be observable in the energy transport 

process in photosynthetic systems – the primal step involved in capturing solar energy for powering living systems. If nature could 

achieve this exotic quantum state for a design purpose, surely quantum computers, quantum information could be radically 

transformed if we only understood how nature optimized the system-bath coupling to evade quantum decoherence. We have 

studied the ultrafast energy transfer in Fenna-Matthews-Olson (FMO) complex by employing two-dimensional electronic 

spectroscopy [1]. With the collaborators, we uncovered the timescales of energy transfer and decay of electronic quantum 

coherences at different temperatures in the FMO complex. We disentangled the long-lived vibrational coherence from the 

electronic coherence based on advanced data analysis techniques. We also revealed the lifetime of electronic coherences of 

pigments involved in strong or weak excitonic interactions. This work provides a guideline for the study of coherent energy transfer 

in photosynthetic systems and suggests that nature does not use electronic coherence since it is too fragile against the dissipation. 

In contrast, nature employs dissipation to form effective channels for the ultrafast energy transfer in antenna protein complexes 

[2, 3, 4].  
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