High-resolution, broad-bandwidth spectroscopy of molecular clusters
by real-time wave packet imaging
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High-resolution spectroscopy of molecular complexes is one of the powerful tools to study
dynamics and structures governed by intermolecular interactions. It is, however, difficult to
measure pure rotational (microwave) and intermolecular vibrational (THz) spectra with a single
setup, although rich information on intermolecular interaction can be deduced in these
frequency regions. Recently, we have developed broad bandwidth (>3 THz), high-resolution
(~50 MHz), spectroscopy for weakly-bound molecular clusters. Our method relies on high-
precision rotational/vibrational wave packet imaging. !> Rotational/vibrational wave packet of
a molecular dimer is created upon broadband femtosecond pump, and subsequent dynamics is
tracked by real-time Coulomb explosion imaging. Rotational/vibrational Raman spectrum can
be obtained as a Fourier transform of a time trace of an observed wave packet movie (Figure
1).>* We applied the method to Ara, (N2)2, (CHa4)2, (C2Ha)2.3, and other important systems which
have been difficult targets of typical microwave spectroscopy. We also succeeded in measuring
rotationally-resolved vibrational spectra for the first time. Details on experimental setup and
selected results will be presented.
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Fig. 1 Schematic of rotational and vibrational wave packet imaging spectroscopy of the
argon dimer.
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