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Abstract

A new and efficient method for orientation echo spectroscopy is presented and realized experimentally. The
excitation scheme utilizes concerted rotational excitations by both ultrashort terahertz and near-IR pulses and
its all-optical detection is enabled by the Molecular Orientation Induced Second Harmonic method [2]. This
method provides practical means for orientation echo spectroscopy of gas phase molecules and highlights the
intriguing underlying physics of coherent rotational dynamics induced by judiciously-orchestrated interactions
with both resonant (Terahertz) and nonresonant (NIR) fields.

Introduction THz-delay-NIR MOISH detection scheme
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Here we demonstrate uniquely desirable
rotational responses of polar gas
molecules that are induced via
judiciously-orchestrated rotational
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Figure 6: Experimental setup for THz-NIR concerted orientation responses.
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Figure 2: THz induced orientation signal of methyl iodide (20Torr, 300K). The signal decays with time due lose of rotational /\ THz Amplitude Eq, (Arb. Units) NIR Intensity |y (Arb. Units)
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Figure 4: Rotational alignment signal of CS, (22Torr, 300K). Both pulses are near-IR pulses (800nm, ~100fs FWHM). The insets om signals in gas phase molecular rotors. The detection of the orientation echo signal relies on the

the right depict the Echo height as a function of 15t and 2" pulses, respectively.
SH signal enabled by the lifted inversion symmetry of the medium upon orientation (MOISH) and

emanate from the mutual interaction volume of the THz and NIR excitation pulses. The
presented method provides new means for orientation echo spectroscopy which potentially

Multilevel echo scheme (Rotational Orientation): unlocks a much broader range of gas pressures and molecular entities for study. It should be
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