Aerosolsoptical propertiesin Titan’s
detached haze layer before the equinox
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Introduction

First observed in the 80’s by Voyager 1 and 2 flybys [1, 2|, Titan’s atmosphere presents a complex stratified succession of haze layers above the main haze. One of these layers, the
Detached Haze Layer (DHL), presented a large extent at 350 km and could be seen all along the limb surrounding Titan between 90°S up to 45°N. Voyager 2 radial intensity scans at
high phase angles [3| reveal an important depletion of the aerosol particle density below this layer. The arrivial of the Cassini spacecraft in the Saturnian System in 2004, was a unique
opportunity to investigate the persistence of the DHL over time [4]. The Imaging Science Subsystem (ISS) instrument on board performs a continuous survey of the Titan’s atmosphere.
In 2011, West et al. [5| confirm the persistence in time of the DHL at the equator at 500 km before the equinox followed by a collapse at 380 km in 2008. Recent observations confirmed
its disappearance in 2012 and a new emergence is reported in early 2016 |6]. This seasonal cycle, predicted by previous Global Circulation Models (GCM) |7, 8, 9], tended to be
confirmed by theses recent observations. In this study our purpose is to characterize the physical properties of the DHL and its latitudinal variability during the 2005-2007 period.

Observations Vertical profile, altitude and light curve
To determine the properties of the aerosols in the DHL, For each image the limb profiles are extracted by 5° bins in latitude on the illuminated side of Titan and smooth with
we made a survey over the ISS images taken with the Nar- a moving average. The local maximum I/F corresponding to the DHL is located in altitude and intensity. The DHL

row Angle Camera (NAC) before its collapse in 2008 [5]. presents a very high stability in altitude (50048 km) for all latitude lower than 45°N. The I/F light curve content
We limit our analysis on the CL1-UV3 filter (A=338 nm) information about the shape of the aerosols.
where only the aerosols scatter and to minimize the mul-
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We consider that above the DHL, the atmosphere of Titan is optically thin and the incoming flux from the Sun is not
significantly attenuated down to the DHL, then the output flux can be simply described as:
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with w the single scattering albedo, P(#) the phase function at the scat-
tering angle 0, T.x¢ the tangential opacity, oeyt the extinction cross-section
and Njos the number of aggregates along the light of sight

We assume that the DHL is composed of fractal aerosols composed of !
single-size spherical primary particles |10, 11| which can be described by v A
only two parameters: R,, the monomer radius and R, the bulk radius. o . 4 5
The optical index is based on a tholin composition (n=1.64, k=0.17) < '
Figure 1: (left) Overexposed and contrasted ISS NAC |12|. These optical properties are calculated using the model developed

N1551888681. (right) Same image inverted with geo-reference grid, by Tomasko et al. |13] for a fractal dimension fixed at 2.0 and a number

sub-spacecraft point (SC), Spice Kernels predicted center (SK) and , _ 3 <
photometric equator (PE). of monomers: N = (Rm/Rv) < 1024.
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Figure 3: Typical fractal aggregates of 128 monomers
used in the model.

Results
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Figure 4: (left to right) Light curve best fits between 0 and 5°N. X2 map of pairs (R,,,Ry) explored by the fit. Latitude retrievals at AX2 < 1 for Ry, Ry, Text and Nig.

To derive the shape of the aerosols and their density along the line of sight we compute a synthetic I/F at each latitude for all pairs of (R,,,R,) and we keep the best fit on 7eys.
Latitudinal variations of these parameters (for Ax? < 1) can be split into two main areas below and above 10°N. Below 10°N, our retrievals are consistent with an homogeneous content
of aerosols with R,,, = 60 + 3 nm, R, = 0.31 £ 0.02 pm and 7yt = 0.077 & 0.003. Then the optical properties derived correspond to w = 0.68 and oyt = 2.2 - 107 m?. Above 10°N,
we find a decrease in the aerosols size R,, and R, associated with an increase of 7oy (i.e. smaller and more particles or smaller and particles with a higher extinction). However theses
results inside this sparse dataset region need to be taken with caution due to the lower number of observation available at these latitude during the 2005-2007 period (northern winter).
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Figure 5: Latitude variation of 7ext for each image in the DHL. R e ———— —— ]




