Dual Frequency-Comb Transient Absorption Measurment
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Optical frequency comb (OFC) has brought a remarkable advancement in gas-phase spectroscopy due to its high precision and accuracy. OFC is characterized by two parameters, i.e.,
repetition rate f, and carrier-envelop-offset frequency f.... In dual frequency comb (DFC) system with two phase-locked OFC lasers, the slightly detuned repetition rates of the two OFCs
linearly changes the time delay between the pulses from different OFCs. Although DFC is a useful spectroscopic tool, DFC has not been actively employed for the studies of molecular
reaction dynamics in condensed phases. The high frequency resolution of DFC cannot be brought out in condensed phases. The electronic coherence time of condensed phase, < 20 fs, is
extremely shorter than that of gas phase, which is longer than tens of picosecond. In other words, most of pulses go to waste in condensed phase, because DFC has to scan as long as 1/f,,
which is several nanoseconds. In addition, the broad electronic transition lines of molecules in condensed phases require a broadband light source. Recently, we demonstrated a dual-comb
spectroscopy for molecules in condensed phase with a broadband Ti:sapphire laser based DFC.

We here demonstrate a DFC-based transient absorption (DFC-TA) technique [1]. A notable difference between our DFC-TA and previous works is that our DFC-TA monitors the population
dynamics of a system, whereas other workers measure the electronic coherence. Since many photochemical reactions of interest occur within tens of femtosecond (fs) to several ns, the full-
scanning property of DFC without any mechanical delay stage is exceptionally useful. Further, the auto-scanning character of the DFC makes its experimental set-up much simpler than
conventional mechanical scan-based TA techniques. In DFC-TA, once the pump and the probe beams are spatially overlapped at sample, we do not need to make pulses temporally
overlapped, because two trains of pulses from dual comb lasers would cross during the data scan. In addition, the spatial beam quality of DFC-TA does not depend on the time delay
between pump and probe pulses. Note that this aspect is usually critical in conventional TA experiments that require changing optical path length to scan the time delay.
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