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Simulations are performed to study quantum coherence in photosynthetic complexes
using ultrafast spectroscopy. It is found that: (1) Different types of quantum coherence can be
distinguished in pump-probe polarization anisotropy measurements. (2) Specific pulse
shaping schemes are important in observing coherent energy transfer in the single molecule
two-color double-pump experiment.

We will present simulation studies of the quantum coherence in two different
types of ultrafast spectroscopic measurements: (1) Effects of three types of quantum
coherence: electronic, vibrational, and vibronic coherences, on the ultrafast pumpprobe polarization anisotropy are studied. Simulations of model dimer systems show
that the have rather different spectral characteristics, which can be used to determine
the type of coherence exist in specific systems. We then simulate the pump-probe
spectra of the Fenna-Matthews-Olson (FMO) complex at low temperature, and show
that a model with only quantum coherence agrees with previous experiments. Finally,
the condition in which long time vibronic coherence can be observed in systems like
the FMO complex is investigated. (2) Effects of pulse shaping on observing coherent
energy transfer in the single bacterial light harvesting 2 (LH2) complex are studied, as
in the recent single molecule two-color double-pump experiment (Science 340, 1448
(2013)). It is found that, quantum coherent energy transfer can be observed when the
time delay and phase difference between the two laser pulses are controlled
independently. However, the pulse shaping schemes have great impact on
observing quantum coherent energy transfer.
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