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High resolution wind and temperature Measurements in the upper atmosphere of Venus
and Mars using infrared heterodyne spectroscopy
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The laser heterodyne spectroscopy is the most sensitive and highest resolution spectroscopy (10°7-8) in the middle infrare
region (7-13 um) [Sonnabend et al., 2006], and has been expected to be a powerful method for atmospheric studies. Fully resolv
molecular features provided by applying heterodyne techniques are possible allowing retrieval of many physical parameters fror
single lines. Our group in Tohoku University has developed over the past 20 years, and the terrestrial minor constituents and the
vertical profiles could be obtained [Taguchi et al., 1990].

Our infrared laser heterodyne spectroscopy is now equipped with quantum cascade lasers (QCLs) which offer sufficient optice
output power of several milliwatts to guarantee an efficient heterodyne process and high system sensitivity. Utilization of the
QCL as alocal oscillator is a great advantage because of its wide operating wavenumber tunability at a room temperature, smg
size, and high power output.

The performance of the laser heterodyne spectroscopy was carefully evaluated by the experimental studies. The control ¢
the laser temperature is in the range of -40 "50 K with a stability of 0.01 K. This laser heterodyne spectroscopy can obtain sola
absorption spectra of terrestrial ozone ("1140 cm-1), and gas-cell absorption spectra of ethane ("1140 cm-1) with a wavenumb
scanning over “0.6 cm-1 and a spectra resolution of 0.0013 cm-1 (20MHz). The signal-to-noise ratio of the spectrum is 20 "50.

This presentation will also present the wind measurements in the atmospheres of Venus in the period from 07 Aug to 22 Aug
2010 at the McMath-Pierce telescope. An elegant method to measure winds at the middle atmosphere is by observing non-LT
emission features of CO2 at 10 um wavelength with the extremely high spectral resolution heterodyne spectroscopy. From lin
frequency (Doppler-)shifts, velocities of the observed gas can be directly deduced. The used infrared heterodyne instrumer
THIS (Tuneable Infrared Heterodyne Spectrometer) has been developed at the I.Physikasches Institut at the University of th
Cologne. The addressed altitude region around 110 km is within the so far not very well understood transition zone between th
two dominate atmospheric features in Venus upper atmosphere. Below 90 km the atmosphere of Venus is dominated by the zor
super-rotation, above 120 km the subsolar-to-antisolar flow is the main bias. Observing at various positions enables us to dra
conclusions regarding both features. It is carried out in coordination with other ground-based observation, and VEX. It will also
be a preparation run for joint observations with the Japanese Akatsuki mission which will arrive at Venus by the end of 2010.
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