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As the Voyager flyby of Neptune's moon Triton approaches, speculation on the 
nature of this poorly understood body has focused on the ability of Voyager's 
cameras to image the surface. While the presence of an atmosphere is virtually 
assured by the spectroscopic identification of methane and probably nitrogen (I), 
the pressure-temperature structure of the atmosphere is very poorly constrained. 
However, the presence of methane ensures that photochemistry will occur, either on 
the surface or in the atmosphere, and the production of an obscuring haze layer is 
a possibility. We demonstrate that such a layer is likely to occur, and 
investigate its optical properties in the visible using an aerosol growth and 
scattering code previously applied to other outer solar system bodies, notably 
Titan. 

The aerosol program we employ requires the atmospheric temperature-pressure 
structure as an input, as well as the altitude of aerosol production and the rate 
of production. The sources of these inputs are discussed below. The growth of 
aerosol particles can occur by both coagulation and condensation. Vertical 
transport is by both sedimentation and eddy diffusion. Optical depths are 
calculated assuming extinction only. In the initial models presented here only 
coagulation and sedimentation were taken into account. 

Applying this program to Triton requires us to make a suite of assumptions 
which are summarized in table 1. We chose a radius of 1600 km,  midway between 
observed extreme values, and a bulk density of 2 g/cm3. These assumptions give a 
surface gravity of 89.4 cm/s2, and an albedo "0.3. Nitrogen and methane ices are 
constrained to polar caps above latitudes of 55 degrees, and the caps are assigned 
an albedo of 0.6. 

We invoke Trafton's model for seasonal variation on Triton (2) to calculate the 
surface pressure. His model is suggestive because there is observational evidence 
of temporal variation in Triton's spectral and photometric appearance. This 
evidence includes the possibility of a measurable lightcurve in the early 1970's 
( 3 ) ,  followed by little or no measurable variation in the mid 1980's. Changes in 
the strength and nature of the methane absorption bands in the near-IR have also 
been reported (1). We proceed with calculations appropriate for two times of 
interest; 1975, relevant to earlier telescopic observations, and 1990, relevant to 
the Voyager flyby. 

The polar cap temperature is calculated from Trafton's model, and the surface 
pressure is taken to be the sum of the saturated vapor pressures of methane and 
nitrogen at that temperature. Atmospheric temperature-pressure profiles are 
calculated assuming all solar radiation reaches the surface, and Triton's IR 
emission is absorbed in the atmosphere by pressure induced nitrogen-methane- 
hydrogen opacity. This represents an endmember Triton atmosphere with the greatest 
plausible thickness for a given season. Currently we are investigating refinements 
to the model which include surface pressures which are sub-saturated and reduced 
surface insolation due to haze opacity. The profiles employed here were 
isothermal. 

The photochemical altitude is taken to be the level in the model atmosphere 
where the W optical depth due to methane photolysis is unity. We used a 
photolysis cross section of 1.5~10-l7 cm2. The mass production rate of 
photochemical products ( 3x10-l5 gJcm2 ) is scaled from Titan; the actual rate may 
be higher due to the contribution by cosmic rays. 

Table 2 tabulates our results for 1975 and 1990, and includes values calculated 
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similarly for  Titan as a reference. The polar cap temperature increases 
significantly over the period of in te res t ,  from 50 K t o  62 K, and the surface 
pressure and column densities increase similarly. The photochemical a l t i tude i s  
well above the surface and should be higher during the encounter than it was i n  
1975. For the 1975 run aerosol production balanced fal lout  when the atmosphere 
contained g/cm2 of photochemical products, and i n  1990 the value i s  -10'~ 
g/cm2. Most interesting i n  l igh t  of the issues mentioned here is the optical depth 
t o  the surface. In  1975 the v is ib le  optical depth is calculated t o  be -3x10-~ ,  
consistent with observations of surface brightness var iabi l i ty .  The 1990 model has 
an optical depth of -0.3, enough t o  be detectable i n  Voyager's images of the 
surface. 

This model is also applicable t o  Pluto (with parameter changes), where the 
surface is v is ib le  a t  normal incidence, but a haze layer was detected a t  grazing 
incidence during a recent s t e l l a r  occultation (4). 
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Table 1. Triton Model Parameters 

QUANTITY l?uE 

radius 1600 km 
density 2 g,/cm3 
surface gravity 89.4 cm/s2 
planetary albedo 0.3 
polar cap extent 55 degrees la t i tude 
polar cap albedo 0.6 

Table 2. Triton Model Results 

OUANTITY - 1975 - 1990 Titan 

polar cap temperature 50K 6213 94K (surface) 
surface pressure 3.88 mb 96.3 mb 1 .5 bar 
[ ( a l l  (column) 0.29 m - am 25 . lm  - am 2 2 km - am 
[N21 (column) 389 rn - am 8700 m - am -100 km - am 
photochemical a l t i tude  160 hi 285 km -400 l a  
v is ib le  opt ical  depth 0.03 0.3 -4 
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