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Extended Abstract

Terahertz time-domain spectroscopy is a sampling technique, where ultrashort laser pulses are used to generate
and sample terahertz pulses [1]. Most commonly, the source of the laser pulses used for generation and detection
is a single ultrashort laser, whose pulses are split into these two branches. The sampling principle is then real-
ized by introducing a variable optical delay in one of the branches, whereby the variation of this delay is used to
sample the time-dependent electric field of the terahertz radiation. The linearity of the assumed or measured time
base is of utmost importance to ensure spectroscopically exact results. Several studies have already investigated
the influence of an uncertainty of the time information of terahertz time-domain data [2, 3, 4]. The idea of our
approach is to measure the optical path length change of the delayed pulses directly by employing a displacement
measurement interferometer. This provides the maximum possible accuracy in contrast to the measurement of
mechanical translations of components far from the optical axis. In the first stage of our experiments, we imple-
mented a Mach-Zehnder interferometer into the delay branch of a Ti:Sapphire-pumped time-domain spectroscopy
system. Using the interferometer signal for position detection, the terahertz spectra obtained from this system gain
in stability and precision drastically. Even unprecise drives for the delay lines (e.g. RC model servos) can be used
with this approach and provide a high signal quality. Figure 1 shows a comparison of a terahertz spectrum acquired
using a servo motor without an own position sensor and our proposed method with a simulated spectrum using the
HITRAN database.
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Figure 1. Terahertz spectrum of water vapor acquired with a highly inaccurate delay unit and the proposed method
in comparison to a simulated spectrum using the HITRAN database. The spectra are vertically shifted for clarity.
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