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Observational study of Jupiter’s cloud structure using liquid crystal tunable filter I
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Jupiter emits 1.67 times more radiation than it receives from the Sun, which indicates substantial internal heat source an
hence presumably vigorous convection. It's important to understand the distribution and optical and physical properties of cloud
and haze particles. They play major role in the radiative heat source and they can tell us about the atmospheric dynamics.

Sun light is reflected at NHand/or NH,SH cloud decks through multiple scattering in the troposphere according to the
equilibrium cloud condensation model (ECCM). Methane is considered that its altitude distribution is nearly uniform through
global scale because methane doesn’t condense in the troposphere. Amount of methane absorption observed at 727 and 89(
indicates cloud top altitude. Using this principle, in many previous works, Jupiter’s cloud structure has been derived using
imaging data, obtained by ground-based telescopes, Hubble Space Telescope and spacecrafts.

The traditional observational method using interference filters for cloud structure estimation have been conducted using onl
a few wavelengths (at only two wavelengths in each methane absorption band: at the band center and adjacent continuum) a
hence need many assumptions to derive atmospheric parameters of cloud structure because of low spectral-resolved informati
resulting in large ambiguities.

To derive more realistic cloud structure by more spectral-resolved observation in each methane absorption band, we hax
advanced both observational method and model simulation. It's important to derive more spatial- and spectral-resolved image
which are not contaminated by the atmospheric blurring. We have established observational method using LCTF (liquid crysta
tunable filter) manufactured by CRI and Hamamatsu EM-CCD camera (C9100-12). LCTF can be tuned instantly and sequentiall
in 650-1100nm spectral ranges at 1nm intervals. Full width at half maximum of LCTF is narrower ("7nm) than traditional
interference filters. EM-CCD camera can obtain enough SNR in short exposure time using capability of electron multiplication.

To optimize the use of this advanced observational system, we installed this at the Cassegrain focus of the 2-m reflectc
optical telescope at Nishi-Harima astronomical observatory and observed Jupiter in late May, 2008. Because the large apertu
of telescope can achieve sufficient light intensity of Jupiter in short exposure time in which atmospheric seeing doesn'’t changt
and this observatory is one of the best seeing sites, This observation for our study is feasible. As the result, we could acquir
Jupiter’s data cubes with high-spatial resolution (seeing size: "1 arcsecond) and narrow band imaging in each methane absorpti
bands (700-757, 872-950nm at 3nm intervals) by summing a lot of Jupiter’'s images obtained in short exposure time (50ms).

After a series of image processing, we converted intensity to absolute reflectivity at each pixel using standard star. We extracte
the center-limb profiles along a latitude line because in case of arguing the large-scale structure, we can assume that the clo
structure is uniform longitudinally. The shapes of these profiles are strongly affected by the vertical distribution of scattering
and absorbing materials in the atmosphere. Therefore, we can give the cloud structure more constrained condition because we
not traditional curved line but curved surface. We use both the radiative transfer code based on layer adding doubling algorithr
to treat multiple scattering of solar light and the Marquardt algorithm which is one of the numerical solutions to the problem of
minimizing nonlinear model. We made the several cloud structure models which were altered by with or without haze layer and
number of cloud layers. We will derive the atmospheric parameters at each structure model.

In this presentation, we will show observational results, outline of our model and Jupiter's cloud structure based on our
analysis.
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