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Introduction:  The Huygens/DISR measurements 

provided the first in situ observations of aerosol optical 
properties in Titan’s lower atmosphere [1]. Analysis of 
the observations revealed three altitude regions charac-
terized by different extinction profiles: above 80 km 
the extinction decreases with altitude following a con-
stant scale-height; between 80 and 30 km the haze has 
a constant extinction; and between 30 km and the sur-
face, the haze also has constant extinction but of dif-
ferent magnitude. Furthermore, the lower two regions 
present a wavelength dependence different from the 
variation of the extinction with wavelength at higher 
altitudes. In order to understand the observed optical 
properties we performed detailed simulations for the 
aerosol vertical structure and optical properties, which 
we validated against the observations. In addition, we 
included in the simulation the formation of methane, 
ethane, and HCN clouds, anticipated in this atmos-
pheric region. Finally, we couple our simulation with a 
photochemical model [2] in order to provide a self-
consistent description of all involved components 
(condensing gases, aerosols, and clouds).  

Aerosols: Our aerosol microphysics model de-
scribes the evolution of a size distribution of particles 
assuming they grow as spheres above the detached 
haze layer at 500 km, and as aggregates of fractal 
structure below [3], and includes the impact of particle 
sedimentation and atmospheric mixing. The Brownian 
kernel controls the particle coagulation, while their 
final size is constrained by the electrostatic repulsion 
between them, which is described in the calculations 
through the particle charge density parameter (elec-
trons/micron). The radius of the monomers composing 
the aggregates, is defined by the aerosol size at 500 km 
(the growth mode transition altitude), which based on 
our calculations is 53 nm, in good agreement with the 
50 nm radius retrieved from DISR. The charge density 
is constrained from the retrieved phase functions at 
different wavelengths; the best agreement between 
observations and simulation is retrieved for q=15 e/µm 
(Fig. 1). We find that the aggregates have a total num-
ber of ~4000 monomers in the lower atmosphere (100 
km), which is in good agreement with the value re-
trieved from the observations (3000); similarly in ag-
grement are the observed (5 cm-3) and simulated (3 cm-

3) number density of particles.  
The wavelength dependence of the measured aero-

sol single scattering albedo at 100 km, indicates that 
the particles absorb stronger than the laboratory ana-
logs [4,5,6,7] for λ > 700 nm. Based on these observa-

tions and our model results, we retrieved a new refrac-
tive index for the particles (Fig. 2). The resulting opti-
cal properties of the calculated aerosol structure agree 
well with the observations above 80 km. In contrast, 
condensation effects must be included in the calcula-
tions in order to understand the structure of the lower 
layers. 

 

    
Figure 1: Comparison between observed (solid line) and simu-
lated phase functions (dashed line, q=15; dash-dotted line, q=20; 
dash-triple-dotted line, q=10) at 634 nm. The dotted lines present 
the phase function for aggregates with different number of 
monomers.  
 

 
Figure 2: Comparison between retrieved refractive index of 
aerosols and different laboratory analogs 

 
Clouds: We use the sedimenting aerosols as nu-

cleation sites for the condensation of methane, ethane 
and HCN. The contact angles for methane and ethane 
were calculated based on nucleation theory and labora-
tory experiments [8]. For HCN we assumed that the 
contact angle is the same as for ethane, although this 
assumption does not significantly affect the results. 
Based on our calculations, HCN condenses close to 75 
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km. The impact of galactic cosmic rays provides a lo-
cal production region at these altitudes, which domi-
nates over the loss due to condensation and leads to a 
permanent super-saturation. Because the mass flux of 
condensing HCN is comparable to the mass flux of 
aerosols, this results in a continuous transformation of 
the aerosol particles to HCN-nucleated particles, that is 
aerosol particles with beads of HCN at the regions 
were monomers connect. Ethane condensation takes 
place on the HCN-nucleated particles at ~55 km and 
leads to the formation of ~5µm cloud particles at den-
sities between 10-4 and 10-3 cm-3. Methane cloud parti-
cles start to form at ~30 km and rapidly grow to radii 
of 0.1 mm with densities of 10-4 cm-3 (Fig. 3).  

The resulting optical properties of the cloud parti-
cles provide a different picture than the optical proper-
ties under the pure aerosol scenario (Fig. 4). HCN 
cloud particles provide a roughly constant extinction 
profile between 75 and 30 km in good agreement with 
the first altitude region retrieved by the DISR observa-
tions, while methane cloud particles contribute to the 
extinction at lower altitudes again in agreement with 
the observations. Furthermore, the simulated wave-
length dependence of the opacity at the three altitude 
regions, z>80 km, 80 km < z < 30 km, z < 30km, is in 
good agreement with the observations. Ethane clouds 
have a minor contribution to the total opacity. In the 
lower 10 km where cloud particles start to evaporate, 
they release the aerosol core used at higher altitudes 
for the nucleation. This provides another contribution 
in the opacity, which is required in order to reproduce 
the observed wavelength dependence. 

Conclusions:  Our results suggest that the DISR 
observations can be explained as follows: pure aerosol 
particles dominate the opacity at altitudes higher than 
80 km, while at lower altitudes the contribution of 
HCN and methane cloud particles control the opacity. 
Close to the surface, aerosols released from the evapo-
rating cloud particles have again an increasing role in 
the total opacity. The reproduction by the simulation of 
the main features observed by DISR suggests that the 
atmospheric snapshot acquired by the Huygens meas-
urements corresponds to a condition very close to the 
steady state simulated by our model. This points to the 
stability of the equatorial atmospheric conditions at the 
time of the descent. Furthermore, it suggests that the 
vertical profile of particulate density and morphologies 
observed by DISR are a permanent feature of Titan’s 
lower atmosphere. 

 
Figure 3: Size distribution and density profiles for the different 
cloud types of the calculations. 
 

 
Figure 4: Contribution of different particles in the extinction 
profile at 934 nm. The solid line corresponds to the DISR obser-
vations, the dashed line to the model aerosol contribution and 
the dotted and dash-dotted lines to the contribution of methane 
and HCN cloud particles, respectively. The dash-triple-dotted 
line represent the contribution of ethane clouds. 
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