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Ultra-high spectral resolution observations of planetary atmospheres using the
mid-infrared laser heterodyne technique
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High-resolution spectroscopy is a versatile tool to study planetary atmospheres. In the mid-infrared wavelength regime the
highest possible spectral resolution is provided by applying heterodyne techniques. At high spectral resolution observations c
fully resolved molecular features are possible allowing retrieval of many physical parameters from single lines. In addition, due
to the fact that many of the observed species are abundant also in the terrestrial atmosphere, high-resolution measurements all
to peak through the telluric features and lead to less ambiguity than low-resolution data. The highest possible direct detection ir
strument to date provides a spectral resolution 6f This study will present a detailed description of the Tohoku-based receiver,
Mid-Infrared Laser Heterodyne Instrument (MiLaHi), the heterodyne spectrometer for application to astronomy and atmospheric
offering access to the 7-11 um wavelength region at a resolution of up’tarfda bandwidth of 1 GHz. The heterodyne spec-
troscopy has been developed by Tohoku university to observe the minor constituents in the terrestrial atmosphere from 198(
[Taguchi et al., 1990]. With a wide-band detector, the quantum-cascade (QC) lasers agd<d@ser were recently applied to
observe the tiny planetary atmosphere. Our heterodyne spectroscopy is specially designed for the dedicated telescope, PLANE
(2012-) at the Haleakala mountain in Hawaii for continuous monitoring of the planetary atmosphere. The currently performance
achieved at 10.3 um yields a system noise temperature of below 4000 K or NEP of 2.24/\4HZMHz resolution. A system
noise temperature of 4000 K leads to a minimal detectable brightness temperature difference of 50mK within 10min at 1.5 MHz
bandwidth. This corresponds to a minimum flux difference of 0.64 ergs/(scm2cm-1Sr) for extended source. Here, an example c
the terrestrial C@ absorption spectrum is shown. To validate the wavelength stability, the gas-cell spectra are also shown here
We also report the variations of the emission spectra of the DFB-QCL, and FP-QCL, which provide us very wide tuneability
(5cm~!, and 20cn?!) to operate the heterodyne system. Using these lasers, many interesting scientific problems have beel
targeted and more will be addressed in the future in the wale of the technological advances of the instrumentation described |
this study. Since a telescope dedicated to observation of planets does not exist yet, it is expected the PLANETS telescope a
MiLaHi will become a unique facility for continuous monitoring of planetary atmosphere with ultra high spectral resolution.
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