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Introduction: New Horizons revealed thatcomplex processes of photochemistry andmicrophysics are taking place in Pluto’s N2 atmosphere[1, 2]. Similarly to Titan, the presence of CH4 inPluto’s atmosphere leads to the UV photochemicalproduction of more complex molecules such as C2H2,C2H4, and C2H6, as well as nitriles like HCN at highaltitudes. These compounds can aggregate throughcollisions to form increasingly larger sphericalparticles, creating a haze of solid organic aerosols thatencompasses Pluto [1]. The resulting haze particles cancontinue to grow through coagulation, forming fractalaggregates that lead to a bimodal distribution near thesurface [3]. In addition, photochemical-microphysicalmodeling by [4] shows that condensation of HCN andvarious hydrocarbons occurs in Pluto’s atmosphere onthe tholin-like particles.Our objective is to investigate the thermal balanceof Pluto’s atmosphere using the Pluto PlanetaryClimate Model (Pluto PCM, see Falco et al., thisissue). We focus on three aspects of the thermalprofile: (1) The strong negative gradient between thestratosphere at 110 K and the upper atmosphere at 70K. (2) The strong thermal gradient (7 ± 3.5 K) fromequator to North Pole tentatively observed (2𝜎) withALMA [5], and the differences in temperaturesobserved by New Horizons between the entry and exitprofiles above 5 km altitude [6]. (3) The 3 km-deepcold layer observed by New Horizons.The thermal profile of Pluto’s atmosphere has beenmeasured from ground-based observations and fromthe REX instrument on-board New Horizons [6, 7]. Ithas been proposed by [8] that the thermal structure isprimarily regulated by the heating and coolingproperties of tholin-type haze, whose heating/coolingrates could exceed that of gases by two orders ofmagnitude. However, in scenarios where the haze isdominated by icy components, its radiative impact onthe atmosphere is expected to be more limited [4].Therefore, the main cooling mechanism responsible forthe observed vertical thermal gradient remainsuncertain.

The Pluto PCM: The Pluto PCM is an ideal toolfor understanding the thermal balance of Pluto'satmosphere and the role of hazes in its heating andcooling properties. This model is an updated version ofthe Legacy Pluto PCM described in [9, 10]. It takesinto account the sublimation and condensation cyclesof N2, CH4, and CO [9], their thermal and dynamicaleffects, the vertical turbulent mixing, molecularthermal conduction, and a detailed surface thermalmodel with different thermal inertia for varioustimescales (diurnal, seasonal). It now includes amicrophysical model for organic haze, accounting forits formation (through methane photolysis), evolution(via coagulation), and transport (by sedimentation).This microphysical model has been coupled with theradiative transfer scheme of the Pluto PCM in order toassess the impact of the haze on Pluto’s climate and tostudy their radiative effects on the atmosphere.
Preliminary results: In this presentation we willpresent the results obtained with our model andcompare them to observations (e.g. [5, 6]). Initially, wewill focus on the spatial distribution of the haze and itsphysical properties predicted by the model. We willthen examine the impact of the haze on the globalclimate, particularly on the heating and cooling rates ofthe atmosphere. Figure 1 illustrates the radiative,dynamic, and total heating/cooling rates of theatmosphere during the year 2015. Our model supportsthe findings of [8], showing haze heating/cooling ratesbetween 10-8 and 10-6 W.m-3 below 100 km — about100 times higher than those of the gases. The switch tothe 3D model allows us to observe that the NorthernHemisphere is heated by the absorption of solar flux byCH4 and haze during the Northern summer, while theSouthern Hemisphere, in winter, is cooled by theinfrared emission of gas (CH4 and CO) and haze. Thedynamic trend acts in opposition to the radiative trend,redistributing energy throughout the atmosphere, sothat the heating and cooling rates become nearlyuniform across the entire atmosphere.



Figure 1: Radiative (left), dynamical (center), and total (right) heating/cooling rates predicted by the Pluto PCM forthe year 2015 in Pluto’s atmosphere. The radiative component is related to the absorption and emission byatmospheric constituents, while the dynamic component is associated with general circulation and atmospherictransport.

The paradox of latitudinal temperaturegradients: We will then attempt to address thequestions raised in the introduction, starting with theanalysis of the 7 ± 3.5 K horizontal gradient observedby ALMA [5]. To do this, as initial state of theatmosphere we imposed a latitudinal thermal gradientin the northern hemisphere (with the North Pole being10 K warmer than the equator) and ran the model.Figure 2 shows the temporal evolution of this gradientover the course of half a Pluton day. We observe thatthe gradient dissipates very quickly — within less thana quarter of a Pluton day — and that after just half aday, the atmosphere has fully stabilized and becomenearly uniform in latitude.

Figure 2: Latitudinal variation of the temperatureaveraged between 20 and 100 km in the Pluto PCM.The curves show the temporal evolution of thetemperature over half a day on Pluto.
Although the radiative timescale is long, theatmospheric dynamics operate on much shortertimescales, enabling efficient mixing and redistribution

of energy. As a result, where one might expect toobserve a horizontal temperature gradient due to haze,none is present. Further investigation is thereforeneeded to help us understand this phenomenon.Additional questions related to the vertical thermalgradient and the deep cold layer will also be exploredduring this presentation.
Future work: In a future study, we will couple thehaze microphysical model with a cloud microphysical

model, allowing atmospheric hydrocarbons (CH4,C2H2, C2H4, and C2H6) and nitriles (HCN) to condenseonto haze particles. Accounting for the effects ofcondensation and the resulting new optical propertiesof the particles in the Pluto PCM’s radiative transferwill provide us with a comprehensive understanding ofthe haze’s impact on Pluto’s global climate.
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