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Abstract

Spectroscopy has contributed to investigations of electronic, vibrational, and rotational
energy structures of atoms and molecules and to development of physics, chemistry, and
astronomy. Since most molecules have characteristic strong absorption lines of the fundamental
vibrational band in the mid-infrared region, sub-Doppler-resolution (SDR, a relative resolution ~
10°%) mid-infrared spectroscopy is important for fundamental physics such as parity violation of
chiral molecules and for applications to trace-gas detection. However, a lack of light sources
suitable for SDR spectroscopy causes the mid-infrared region unexplored.

In thisthesis, a 3.4-um (88-THz) spectrometer with a difference frequency generation (DFG)
source and a cavity-enhanced absorption cell (CEAC) has been developed. The DFG source has
a tunable range of 4.3 THz, and the spectra linewidth reduces less than 50 kHz by stabilizing
the frequency to one of fringes of the CEAC, which aso enhances the optical field strength, the
effective absorption length, and thereby the sensitivity of the SDR spectrometer.

The spectrometer has been applied to record hyperfine-resolved spectra of the v, band of
CHgl with a spectra linewidth of 250 kHz. The analysis taking account of the local Coriolis
interaction between the v, = 1 and (v, v6) = (1, 2°) Sates yidds the electric quadrupole interaction
constants and the Coriolis coupling constant between the states. The wide tunability and high
resolution of the spectrometer enable us to carry out such detailed analysis.

The spectrometer has aso been applied to SDR spectroscopy of the 15 band of methane. The
absolute frequency of 56 transitions is measured with an uncertainty of 2 kHz, a relative
accuracy of 10™, using an optica frequency comb linked to the international atomic time.
Among them, 44 transitions are recorded in SDR for the first time, and the accuracy of the
transition frequency is improved by three orders of magnitudes in comparison with the previous
works. The measured frequency of the P(7) F,? transition is consistent with the CIPM
recommendation value within 2.0 kHz, which proves the precison of the frequency
measurement system.

It has been explicitly demonstrated that the spectrometer is able to provide precise transition
frequencies over awide range, which induces drastical progress in mid-infrared spectroscopy.




