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Abstract

We investigated limb brightening phenomenon and
east-west asymmetry shown in the 2-um spectro-
images of Titan by using radiative transfer equations.
Resultant synthetic spectro-images constructed by an
inversion algorithm have been used for studying
possible variations of the properties of the haze.

1. Introduction

Limb brightening is a common phenomenon seen in
near-infrared images of Titan within strong CHy
absorption bands [2,5], whereas the limb darkening
occurs within spectral windows. Another noticeable
feature is the east-west asymmetry of the observed
brightness, which could not be explained by the sole
influence of the solar phase angle when it is as small
as ~+1° [3]. In this work, we study the relevance
between the east-west asymmetric limb brightening
and the possible change of the haze.

2. Observations

2-um spectro-images of Titan were obtained using
the Near-Infrared Integral Field Spectrometer (NIFS)
on the Gemini-North telescope with an adaptive
optics system on 7 February 2006. Reduced images
are deconvolved using maximum entropy method to
remove the point spread function. At the time of the
observations, the solar phase angle was ~ +1.2°.

3. Radiative Transfer Calculations

To reproduce the observed Titan spectro-images, we
used the radiative transfer program of Kim et al. [4]
and modified it in order to adopt the spherical
geometry  correction to the  plane-parallel
approximation. The anisotropic-scattering haze was
assumed following the Huygens/DISR result [6]. An
iterative inversion algorithm was used to tune the
surface albedo and haze properties such as single

scattering albedo. We also made a model which
adopts the 400 cm™ cut-off of the sub-Lorentzian line
shapes of CH, as suggested by Bailey et al. [1] and
compared it with the previous model with 10 cm™
cut-off.

4. Results

A wavelength dependent single scattering albedo of
the haze in the wavelength range between 2.14 and
2.22 pym was derived (Figure 1). As it goes toward
the limbs, higher single scattering albedo is needed
gradually. Adopting an extended sub-Lorentzian cut-
off of CH, spectral features improves the fit in the
central region of observed Titan’s disk whereas it
becomes less important near the limb. The EWA of
the observed brightness could be explained by that of
the haze albedo. These trends are consistent
regardless of latitude, suggesting that it is not a
seasonal phenomenon whereas the north-south
asymmetry is. We recognize that the haze albedo
derived here may not be unique owing to the lack of
information on Titan's haze properties.
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Figure 1: Observed images (top row), our model
images (middle row), and maps of derived forward
single scattering albedos of haze in the ~60 km
altitude level (bottom row).
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