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Introduction:  Pluto and Triton hold unique clues 
for understanding the composition and evolution of the 
outer solar system, and are recognized as benchmarks 
for studies of the Kuiper Belt. They are two of the larg-
est known and most easily observed KBO members 
(from Earth, but with caveats), and they are similar in 
many ways; for one example, they both possess thin 
(10 microbar class), N2-dominated atmospheres.  

The surface, atmospheric structure, and escape rate 
are tightly connected on these bodies. The N2 atmos-
phere, in at least bulk vapor-pressure equilibrium with 
N2 ice, depends critically on surface temperature. Mi-
nor species (CH4, CO) and photochemical products 
(such as HCN) control the temperature structure, and 
thus the escape rate. Escape rates of volatiles are pow-
erful tools for understanding surface evolution on Tri-
ton, Pluto, Charon, Eris, Orcus and other KBOs [1]. 
While only Pluto and Triton have known atmospheres, 
other dwarf planets and large KBOs may retain enough 
volatiles to develop sublimation atmospheres near peri-
helion. Such atmospheres may be common in other 
stellar systems as well. 

Planetary Astronomy using ALMA: The Ata-
cama Large Millimeter/Submillimeter Array (ALMA) 
consists of a main array of fifty 12-m antennas with 
baselines up to 16 km, located on the Chajnantor plat-
eau at 5000m altitude in northern Chile. The unprece-
dented sensitivity and resolution of ALMA now allows 
for detailed investigations of even small distant worlds 
like the Pluto system, Triton, and other larger (>250 
km) KBOs in thermal emission, as well as molecular 
line emission from atmospheric species such as CO 
and HCN on Pluto and Triton. While not approaching 
the extreme detail and complex science suite provided 
by New Horizons in the Pluto system flyby ([2] etc.), 
ALMA does provide the capability to resolve Pluto-
sized bodies by up to 10 linear resolution elements in 
thermal emission [3], and 2-3 elements for spectral line 
observations from minor atmospheric species [4].  

Pluto: Initial spectral line observations of the 
Pluto-Charon system were acquired with the ALMA 
interferometer on June 12-13, 2015 (just one month 
prior to the New Horizons flyby). They led to spatially 
unresolved detections of the CO(3-2) and HCN(4-3) 
rotational transitions from Pluto (including the 

hyperfine structure of HCN; see Fig. 1), providing a 
strong confirmation of the presence of CO, and the 
first observation of HCN in Pluto's atmosphere. The 
results are detailed in [5] and summarized here. The 
CO and HCN lines probed Pluto's atmosphere up to 
∼450 km and ∼900 km altitude, respectively. The CO 
mole fraction was 515 ± 40 ppm for a 12 µbar surface 
pressure.  Strong constraints on Pluto's mean atmos-
pheric dayside temperature profile over ∼50-400 km 
were also determined, with clear evidence for a well-
marked temperature above the 30-50 km stratopause 
and a best-determined temperature of 70 ± 2 K at 300 
km, lower than estimated from earlier stellar occulta-
tions, and in agreement with inferences from New Ho-
rizons/Alice solar occultation data. The HCN line 
shape requires a high upper atmospheric abundance, 
with a mole fraction >1.5 × 10-5 above 450 km and 4 × 
10-5 near 800 km. For HCN at saturation this requires a 
warm (>92 K) upper atmosphere layer; while not ruled 
out by the ALMA-measured CO emission, it is incon-
sistent with Alice-measured CH4 and N2 line-of-sight 
column densities. The large HCN abundance and the 
cold upper atmosphere suggest supersaturation of HCN 
to a degree (7-8 orders of magnitude) hitherto unseen 
in planetary atmospheres, probably due to a lack of 
condensation nuclei above the haze region and the 
slow kinetics of condensation at the low pressure and 
temperature conditions of Pluto's upper atmosphere. 
HCN is also present in the bottom ∼100 km of the at-
mosphere, with a 10-8-10-7 mole fraction; this implies 
either HCN saturation or undersaturation there, de-
pending on the precise stratopause temperature. Alt-
hough HCN rotational line cooling affects Pluto's at-
mosphere heat budget, the amounts we found are insuf-
ficient to explain the mesosphere and upper atmos-
phere's ∼70 K temperature.  Upper limits for HC3N 
mole fraction and the 15N/14N ratio in HCN were also 
determined. 

We have continued our exploration of Pluto's at-
mosphere using ALMA [4].   On April 27, 2017, we 
explored portions of the 1.1mm band searching for 
HNC, CH3CN, and H13CN in disk-averaged observa-
tions. This led to the detection of the HNC(3-2) line at 
271.98 GHz, a narrow emission line with a 15 mJy 
contrast. This first identification of HNC in Pluto's 
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atmosphere reinforces the similarity to Titan's upper 
atmosphere, where HNC has been also observed [6,7].  
We also imaged with ALMA the same CO and HCN 
emission lines from our 2015 study, on July 30, 2017.  
The synthesized beam of 96 x 54 mas beam provided 
some spatial resolution of the Pluto disk in the North-
South direction. Analysis is ongoing. 

Triton: Our success with Pluto atmospheric obser-
vations motivated a new study of the atmosphere and 
surface of Triton using the same techniques [8]. While 
larger and possessing a similar atmosphere to Pluto, 
high dynamic range observations of Triton are difficult 
due to the proximity of Neptune, whose flux density is 
order 103 that of Triton. Observations of were obtained 
October 25 and 26, 2016 using ALMA, providing 
baselines ranging from 19 m to 1.4 km. During the ob-
servations Triton ranged between 13.6" and 16.6" from 
Neptune, and was just over 127 mas in diameter. The 
spectral coverage was nearly identical to the 2015 ob-
servations of Pluto, covering CO(3-2) and HCN(4-3). 
The FWHM of the ALMA primary beam is ~18" at 
these frequencies; Neptune was not fully excluded, and 
significant sidelobes affected the imaging. Using a spa-
tial high-pass filter (using spatial frequencies >400 kλ), 
we effectively eliminated confusion from Neptune, 
providing high dynamic range imaging of Triton at 155 
mas x 122 mas resolution. The thermal continuum of 
Triton was 27.1±0.3 mJy at 355.6 GHz, equivalent to a 
mean TB of 31.9+/-0.4 K (formal error, systematic er-
ror ~2.5 K); within the error of Pluto’s brightness tem-
perature measured in 2015 (e.g. [3]) further emphasiz-
ing their similarity.  

These observations also yielded high SNR detec-
tions of both CO and HCN line emission (Fig 2). Neither 
line is a strong as seen on Pluto, which is a function of 
atmospheric temperature structure and species abun-
dance differences. While dependent on the atmospheric 
surface pressure (not determined from these observa-
tions since N2 is not detectable by ALMA), the CO mole 
fraction is found to be between 30 ppm (30 µbar surface 
pressure) and 230 ppm (11 µbar surface pressure), a 
range suggested by stellar occultations. The weak HCN 
emission, unlike on Pluto, does not suggest any super-
saturation in the upper atmosphere of Triton. Analysis 
of both lines is ongoing, and an update will be provided.  
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Fig 1. CO(3-2) and HCN(4-3) rotational line emission 
(above the ~18 mJy continuum) from Pluto’s atmos-
phere observed with ALMA in June 2015.  

 
Fig 2. The same rotational lines as in Fig. 1, but from 
Triton’s atmosphere observed with ALMA in October 
2016. Note the change in the vertical scale between Fig. 
1 and Fig 2, emphasizing that these spectral features on 
Triton are relatively weaker than on Pluto, particularly 
for HCN. 
 
Acknowledgements:  
We thank Bruno Sicardy and Joana Oliveira for 
providing early and later more refined stellar occulta-
tion results used to determine potential surface pres-
sure. This paper makes use of the following ALMA 
data: ADS/JAO.ALMA#2016.1.00655.S. ALMA is a 
partnership of ESO (representing its member states), 
NSF (USA) and NINS (Japan), together with NRC 
(Canada), MOST and ASIAA (Taiwan), and KASI 
(Republic of Korea), in cooperation with the Republic 
of Chile. The Joint ALMA Observatory is operated 
by ESO, AUI/NRAO and NAOJ. 

 

7060.pdfPluto System After New Horizons 2019 (LPI Contrib. No. 2133)


