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Introduction: Recent observations of Pluto’s upper 

atmosphere revealed the thermal structure is more 

complex than previously considered [1,2]. New 

Horizons (NH) found Pluto’s upper atmosphere to be 

cooler and more contracted than model predictions 

before the mission (pre-NH) [3,4]. Seemingly contrary, 

the Chandra space telescope observed X-ray 

luminosities from Pluto larger than some JFCs more 

consistent with a significant extended atmosphere  [5]. 

Previous studies have focused on the thermal escape of 

N2 and CH4 in the upper atmosphere [5,6]. However, 

most planetary bodies possess diffuse hydrogen 

coronas, and photolysis of CH4 on Pluto will result in 

the production of H2. Here we examine the effect of 

diffusion and escape of H2 on the thermal structure of 

Pluto’s upper atmosphere, and potential limits on its 

contribution as a source X-ray emission from Pluto’s 

corona. 

Background: For the first time NH directly 

measured the abundance of N2 and CH4 in the upper 

atmosphere and sparse populations of C2Hx 

hydrocarbons. Like Titan, molecular hydrogen is 

expected to be a significant photochemical product in 

the atmosphere. Krasnopolsky and Cruikshank (1999) 

[7] estimate that almost every absorbed photon result in 

the production of H and/or H2. Molecular hydrogen may 

have a significant influence on the thermal structure of 

the upper atmosphere because it will escape 

significantly. Further, depending on its production rate 

it may be the dominant atmospheric component in the 

extended corona. 

NH observation of a was cooler the upper 

atmosphere (~68 K compared to predictions of > ~80 K) 

[7,8] is surprising because the CH4, principal heating 

agent, fraction in the atmosphere is relatively consistent 

with that used in the pre-NH estimates. Radiative 

emissions by CO and HCN are molecular cooling 

agents, however they are not abundant enough to 

explain the observations. Recent work by Zhang et al. 

(2017) [9] indicate radiative cooling by hazes may be 

important. Here we build on previous work on the 

energy balance in the upper atmosphere by examining 

the effect of cooling due to molecular escape of H2 in 

the upper atmosphere. Tucker et al. (2013) [10] showed 

that thermal escape of H2 from Titan cools the bulk 

atmosphere at high altitudes in the absence of the 

significant escape by N2 or CH4. 

In Titan’s lower thermosphere H2 has a mixing ratio 

on the order of 0.1 %, however above the exobase it 

becomes the dominant atmospheric species [10]. Here 

we predict the density distribution of H2 from just below 

the exobase out to several Pluto radii. At these altitudes 

solar wind charge exchange (SWCX) reactions between 

high charge state solar wind ions and exospheric 

neutrals are known to produce X-ray emissions from the 

excited ions [11]. Chandra observed X-ray emissions 

from Pluto’s exosphere that were similar to that 

observed from the comas of the comet 2P/Encke [5]. In 

fact, Pluto’s X-ray luminosity was determined to be 

(~2.0 × 1015 ergs/s) 5 times larger than comet 2P/Encke 

[5]. The observations occurred near the time of the New 

Horizons encounter, 11/2 year prior to the encounter and 

approximately one month after. The cooler temperatures 

inferred from the NH observations indicative of thermal 

escape rates of ~ (3 – 7) × 1022 N2/s and (4 – 8) × 1025 

CH4/s. Collectively, these escape rates are 2 orders of 

magnitude lower than estimated for 2P/Encke (~7 × 1027 

molecules/s). The brighter emissions occurring from 

Pluto’s more tenuous atmosphere (assuming density 

~1/r2 similar to a comets) would seem to suggest solar 

wind induced X-ray emission occurs more efficiently at 

Pluto ~33 AU than for JFCs within 1AU [5]. However, 

Lisse et al. (2016) [5] proposed that Pluto may have a 

neutral torus about its orbit because due to long lifetime 

against photoionization of ~100 years compared to days 

near 1 AU. To this end, we will present estimates X-ray 

luminosity from the extended atmosphere for 

comparison. 

Methodology: We use Direct Simulation Monte 

Carlo (DSMC) techniques to model thermal structure 

N2, CH4 and H2 in the upper atmosphere, and  the 

thermal escape, similar to that done in Tucker et al. 

(2013) [10]. DSMC is a numerical approach used to 

simulate non-equilibrium rarefied gas flow. Here we 

show results from 1D radial simulation at altitudes from 

~900 km out to 10,000 km. The thermal flux from the 

lower boundary for N2 and CH4 is taken from NH 

observations [1], and for H2 it is constrained by the CH4 

photo-destruction and recent photo-chemical models of 

Pluto’s  atmosphere [1]. 

Results: An example result is shown in Figure 1 of 

temperature and density profile. Here the H2 mixing 

fraction is artificially set to be ‘Titan like’ on the 0.1% 

level at z ~ 950 km. The results show cooling due to 

escape, and how rarefaction results in the gas 
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distribution not being in thermal equilibrium in at 

altitudes below the exobase. Molecular hydrogen has a 

Jeans parameter (gravitational energy/thermal energy) 

that approaches ~ 1.5 at the lower boundary. Hence, 

much of the thermal energy of H2 is converted to bulk 

outflow energy limited by diffusion through the heavier 

atmospheric gases. For this case we obtain an escape 

rate of ~1027 H2/s-1, however the true escape rate must 

be constrained by CH4 photo-destruction and H2 

production rates derived for Pluto’s atmosphere. 

 

 
 

 
Figure 1: Example DSMC result of density (top) and 

temperature (bottom) for N2, CH4 and H2 in Pluto’s 

atmosphere. 
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