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This study presents a new attempt to retrieve Doppler wind velocity as well as temperature
profile in the Venusian nightside from CO: absorption spectra resolved by mid-infrared (MIR)
heterodyne spectroscopy. The target sensitivity of the Doppler wind velocity retrieval aims to
constrain the vertical transition of the wind regime at altitudes below 100 km where the retrograde
super-rotational zonal (RSZ) wind changes to the subsolar point to the antisolar point (SS-AS) flow.
We aimed to achieve the wind velocity and temperature retrieval requirements with an accuracy
better than £50 m/s and +15 K. These requirements are based on the following considerations. For
the wind velocity retrieval, a numerical model study showed that the transition between the RSZ
wind and the SS-AS flow occurred at an altitude of ~90 km (Alexander, 1992). The wind profile in
the dawn side was gradually varied from ~50 m/s westward at 80 km to ~50 m/s with eastward
direction at 100 km. For observational identification of this transition, the accuracy of the wind
velocity retrieval should be better than £50 m/s. For the temperature retrieval, we considered the
VEX SPICAYV result which found the warm layer as a reference. This was 30-70 K higher than
temperature obtained by previous measurements, and it was interpreted to be caused by the
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adiabatic heating during the air subsidence of the SS-AS flow (Bertaux et al. 2007; Gérard et al.
2017). For observational identification of such warming, the retrieved temperature accuracy should
be better than +15 K.

A method which was supposed in Nakagawa et al. (2016) was used in this study for retrievals of
temperature and wind velocity profiles from CO: absorption spectra. They showed feasibility of
retrieval for Venusian and Martian atmosphere, but do not refer to its verification. Based on the
errors originating from uncertainties in a priori profiles, we estimated achievable sensitive altitude
and retrieval accuracy using model spectra generated from various temperature and wind profiles
with different noise levels. The evaluation suggested that temperature profiles can be retrieved at
altitudes of 70 - 95 km range with vertical resolution of 5 km and retrieval accuracy of £15 K. The
assumed nominal noise level was 1.0 erg/s/cm?/sr/cm™. For data with a higher signal-to-noise ratio
(higher radiance and/or lower noise level), the retrieval accuracy can be improved and the upper
boundary can be extended to 100 km. By contrast, the wind velocity profile was more difficult to
obtain but still could be retrieved at an altitude of approximately 85 km with a vertical resolution of
10 km. For data with a higher signal-to-noise ratio, the retrieval accuracy became better, changing
from +50 m/s for noise levels of 1.5 erg/s/cm?/sr/cm™ to +25 m/s for noise levels of 0.5
erg/s/cm?/sr/cm™. This result provides the first validation of a method for wind velocity retrieval in
the Venusian mesosphere at altitudes of 85 - 95 km.

We applied our retrieval method to Venus MIR spectra obtained by HIPWAC observations in
May 2012 with data partially in common with the study by Stangier et al. (2015). We confirmed
that our retrieved temperature profiles were in good agreement with the results of Stangier et al.
(2015) obtained by different retrieval and also with radio occultation studies at coordinate observed
point by Patzold et al. (2007). The agreements supported validity of our method. Next, we retrieved
the wind velocity at the altitudes of 80 - 95 km. The retrieved results at 33° S and 3 LT are 35 &+ 28
m/s at 84 £ 6 km and 144 = 70 m/s at the altitude of 94 = 7 km, corresponding to the SS-AS flows
at both altitudes. This result is unexpected because it is in the opposite direction of the RSZ wind.
The retrieved results at 67° N and 0 LT were 66 £ 73 m/s at 80 + 7 km and 112 + 69 m/s at 90 £ 7
km, indicating the potential meridional circulation toward the equator at both altitudes. These
velocities were consistent with the wind profile obtained by GCM of Gilli et al. (2017), but the
retrieved wind at 33°S was stronger. Our results suggested that the transition region between the
RSZ wind and the SS-AS flow is found lower than 90 km which had been predicted to be the
transition altitude.

We conducted observation by our MIR heterodyne instrument MILAHI at the summit of
Haleakal|§ on November 11 - 13, 19, and 20, 2018 targeting wind velocity at the evening terminator

in the Venusian mesosphere. Observed points were equator (EQ) at LT of ~22:00 on November 11 -
13,33°N at LT of ~23:00 on 19, and 33°S at LT of ~23:30 on 20. We could retrieve wind velocities
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from four spectra obtained on November 11, 12, 13, and 20. Retrieval showed wind velocities
larger than 65 m/s from EQ11 and 150 m/s from EQ12, EQ13 and 33S20. Although mesospheric
wind velocity has been expected to approach smaller than 50 m/s from the RSZ wind between 75
km and 95 km by numerical model of Alexander (1992), this observation suggested that there is
much stronger wind velocity larger than 150 m/s. We cannot classify the retrieved wind as the RSZ
wind or the SS-AS flow due to same wind direction of the dynamics on the dusk side. There is also
the possibility of superposition of two dynamics.

This study established the method of retrieving wind velocity and temperature in the Venusian
mesosphere using MIR heterodyne spectroscopy by means of radiative transfer and
Levenberg-Marquardt method. The retrieved altitude is the region where wind velocity along line of
sight has not been observed by remote sensing so far due to its technical difficulty. Additionally, we
studied mesospheric wind on both dawn side and dusk side. Retrieved wind velocities were
strengthened toward a direction corresponding to the SS-AS flow on both sides. This study could
conduct only one observation campaign at each side. We should conduct more MIR heterodyne
observations in order to verify dynamics in the mesosphere and investigate temporal and spatial
variations. Our advantage is to be able to observe the mesospheric wind continuously by dedicated
telescope: Tohoku university 60-cm telescope. The investigations give us important information for
comprehensively understanding Venus upper atmospheric structure.
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