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Introduction:  During the New Horizons flyby of 

the Pluto system on July 14, 2015 a number of obser-
vations will be made to determine the structure, com-
position, and variability of Pluto’s atmosphere. A key 
observation of this type is the Alice solar occultation, 
which will measure the full disk ultraviolet (52-187 
nm) spectral flux from the Sun through ingress and 
egress behind Pluto, about one hour after closest ap-
proach. This observation will be used to determine the 
temperature and vertical density profiles of N2, CH4, 
and various minor species above two regions of very 
different surface albedo. Nearly simultaneous Earth 
ingress and egress occultations observed in X-band 
uplink will provide profiles of temperature and pres-
sure in Pluto’s lower atmosphere, and electron densi-
ties in the ionosphere. Wave structures in both the solar 
and radio occultation data will provide constraints on 
atmospheric dynamics. In order to interpret and under-
stand these data sets, we have modified a 1-D Titan 
photochemical model to Pluto, for the epoch of the 
New Horizons flyby. The model uses a similar, but 
updated reaction list to that of [1] and [2], and adopts 
the results of [3] for the background atmosphere.  

Here we examine the large effect that the assumed 
eddy diffusion profile has on the predicted abundance 
profiles of major higher hydrocarbons and nitriles ex-
pected in Pluto’s tenuous atmosphere. We estimate the 
eddy diffusion coefficient as a function of altitude us-
ing the free convection formulation given by [4], with 
the mixing length defined with respect to atmospheric 
stability [5]. As with [5], we set a lower bound to the 
mixing length of 0.1 scale heights in the radiative re-
gions of the atmosphere. The entire profile is scaled by 
a constant factor such that the surface value is a fixed 
value ranging from 3×103 to 2×107 cm2 s-1, and these 
model K profiles are shown in Fig. 1. 

The results illustrate a fundamental dichotomy in 
the atmosphere of Pluto. In the upper atmosphere, hy-
drocarbons and nitriles are photochemically produced. 
Near and at the much colder surface, these compounds 
condense and are permanently removed from the at-
mosphere. The eddy diffusion profile K connects the 
two regions via transport. Thus, in the limit of a very 
small K (as assumed in [1]), photochemistry dominates 
throughout the atmosphere until very near the surface. 
The model prediction of the photochemical ptoducts 
(e.g., C2H2 and HCN) are high, except near the surface. 
As K is increased, faster transport leads to rapid loss of 
of the higher hydrocarbon and nitrile photochemical 

products (see acetylene and hydrogen cyanide profiles 
in Figs. 2 and 3, respectively). 

These results will be tested by the Alice solar 
occulation measurements, as shown in Fig. 4. 

 
Fig. 1. The five solid colors show the model eddy 

diffusion coefficient profiles for Pluto’s atmosphere 
used in this study. The black dashed line shows the 
constant K=4×103 cm2 s-1 eddy diffusion used by [1], 
and the dotted black line shows the eddy diffusion pro-
file used by [3]. 

 

 
Fig. 2. Predicted abundance profiles for acetylene 

in Pluto’s atmosphere. The five solid colors show C2H2 
mixing ratios obtained for surface eddy diffusion coef-
ficients (K0) as indicated, with K∝n-0.5. The black 
dashed line shows the C2H2 obtained by [1], with con-
stant K=4×103 cm2 s-1. 
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Fig. 3. As for Fig. 2, but for hydrogen cyanide 

(HCN) rather than acetylene (C2H2). 

 
Fig. 4. Simulated Alice count rate spectrum during a 
solar occultation by Pluto, with the Sun at a tangent 
altitude of 600 km. The actual eddy diffusion profile 
will be well determined by these data. 
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