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Abstract

A localized refractivity slope variation near 1.2 bars
in the Voyager 2 radio occultation profile of Uranus
was interpreted by Lindal et al. [4] to be the result
of a condensed methane cloud layer. However, mod-
els fit to near-IR spectra found particle concentrations
much deeper in the atmosphere, in the 1.5-3 bar range
[5, 6, 2] and a recent analysis of STIS spectra argued
for a model in which aerosol particles formed diffusely
distributed hazes, with no compact condensation layer
[3]. To try to reconcile these results, we reanalyzed
the occultation observations with the He volume mix-
ing ratio reduced from 0.15 to 0.116, which is near
the edge of the 0.033 uncertainty range given by Con-
rath et al.[1], then also applied constraints provided by
STIS spectral observations [3].

1. Introduction
Recently, a serious challenge to the existence of
the methane cloud layer on Uranus was made by
Karkoschka and Tomasko [3], which will be referred
to asKT2009 in the following. They based on their
analysis of spatially resolved CCD spectra obtained
from the Hubble Space Telescope STIS instrument in
2002. They concluded that the most significant cloud
opacity concentration was in a layer from 1.2-2 bars,
with particles uniformly mixed with the gas in this
layer, which had optical depths between 1.2 and 2.2.
They argued for no localized CH4 condensation layer
at all, but instead for the existence of a global thick and
diffuse tropospheric haze similar to that observed on
Titan. This seemed to confirm the analysis of near-IR
spectral observations, which had already questioned
the existence of a methane ice cloud near 1.2 bars.

2. Occultation Analysis
Following the basic approach of [4], we recreated the
refractivity profile from the published temperature and

methane structure for their model D, then inverted the
refractivity to different temperature and methane pro-
files using different assumptions about the methane
constraints and considering different He/H2 mixing ra-
tios within the approximate range of its uncertainty.
By reducing the mixing ratio of He slightly we were
able to increase the mixing ratio of methane enough to
yield methane saturation in the region of the putative
cloud layer, and to have a higher methane mixing ra-
tio above the cloud layer that was in better agreement
with the rather high mixing ratio profile assumed by
KT2009. We created a suite of solutions with different
He mixing ratios and used STIS spectra to constrain
the results.

3. STIS Spectral Modeling
We used the radiation transfer code that includes Ra-
man scattering and an accurate approximation for po-
larization effects. To characterize methane absorp-
tion at CCD wavelengths we used the coefficients
of KT2009. We considered two models of vertical
aerosol structure. The diffuse model has the KT2009
structure which provides a fitting standard of compari-
son. The compact model, the main feature of which
is the splitting of the middle tropospheric layer of
KT2009 into two layers, allows us to see if a compact
layer of methane particles can provide good fits to the
observed spectra, and which occultation-derived pro-
files of temperature and methane mixing ratio provide
(1) the best fit to the spectra and (2) the best agree-
ment between the fit pressure for the middle tropo-
spheric layer and the pressure inferred from the occul-
tation analysis. Hopefully, the best spectral fit would
occur for the same profile that provided the best pres-
sure match. As shown in the following figure, that is
roughly what happened. The best overall spectral fit
covers wide range of 2.9-4.9% CH4, while the best fit
in the spectral region near 0.825µm, where H2 col-
lision induced opacity is important favors 3.8-4.9%
CH4. The best match between putative methane cloud
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pressures inferred from spectra and from occultation
analysis is for 3.5-4.5% CH4.

Figure 1: A: The upper two compact layers inferred
from fitting STIS spectra as a function of CH4 mixing
ratio (dashed and dot-dash) compared to the methane
cloud boundaries inferred from occultation analysis.
B: Fit error at 0.825µm, where CIA is dominant. C:
overall spectral fit quality for the 0.6-1µm spectral
range. D: The He volume mixing ratio compared to
the Conrath et al. value and its uncertainty. Figure
taken from [7].

4. Summary and Conclusions
By decreasing the stratospheric He mixing ratio from
its nominal value of 0.15 by 1-1.3 times its uncertainty
it is possible to achieve methane saturation within the
layers suspected to have condensation and to achieve
increased methane humidities above the condensation
level.

A five-layer cloud model in which the bottom two
diffuse layers of the KT2009 model are split into three
compact layers, when constrained by STIS spectra at
5◦ S, yield best-fit pressures for the top compact layer
in excellent agreement with the location of the occulta-
tion cloud layer for profile models with deep CH4 mix-
ing ratios between 3.2 and 4.5%, with the best compro-
mise fit being obtained at 4% (for our Model F1). The
putative methane cloud is relatively thin, with an opti-
cal depth of∼0.3 at 0.5µm , only about 1/4 of that of
the more prominent layer near 2 bars.
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