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Condensation/Sublimation

Continuity equation for clouds
Kelvin's law
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HCN nucleates but only partially covers haze

C2H;s clouds grow up to 10 um with
the average size at 5 um

CH_ clouds grow upto 100 um

Optical properties

Mean Field theory for aggregates (Tomasko et al. 2008, Tazaki et al. 2018, Rannou et al. 2024)
T-matrix for arbitrary shapes (Mishchenko etal. 1996)

Aggregates with D=2
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Haze formation through molecular growth
initiated by the photolysis of CHs and N2
(Waite et al. 2007, Coates et al. 2009, Wahlund et al. 2009

Layvas etal. 2011, 2013)
Ton reactions drive a rapid molecular growth in Titan's
upper atmosphere and generate the embryos of acrosols.

The embryos grow further through neutral chemical
reactions on their surface which also affect the gascous
composition.

Aerosol production yield ~30%
of total photolysis mass flux
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Does the same picture apply to other environments ?

How much and what kind of haze is formed on Pluto?

Gao et al. 2017
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Haze mass flux assumed 100% of CHa photolysis. =
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Most photochemical products can condense at
high altitudes in Pluto’s atmosphere

Could there be another process contributing to

Pluto’s haze formation?
e How important could this formation pathway be?

Particle composition has major implications for their optical properties,
thus how the particles affect the atmospheric temperature.

Heterogeneous Processes

Alice UV occultations
Young et al. 2018
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Heterogeneous reactions (adsorption & desorption)
required to explain the C2Hi profiles

Cloud Nucleation
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How do we use the particle size distributions?

INTERACTION

‘Haze scattering

Temperature

First species to condense at high altitudes is HCN
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HCN from ALMA observations (Lellouch et al. 2017)
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Transition from
spherical growth (condensation) to
aggregate growth (coagulation)
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Primary particle size of ~10 nm,
consistent with New Horizons observations "
(Gladstone et al. 2016, Cheng et al. 2017)
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Contact angle from lab experiments

CH, Nucleation rate C,H, Nucleation rate

129 109
-
$°F 3 \ ]
H H :
£ osf M 3
L Yo ]
e I
Particle radius (pm) Particle radius (nm)

02 04 08
Super—Saturation Super—Saturation

Curtis et al. 2008
S, CHy =1.07
S CaM

[mcns = 0.995
|Mcayg= 0.979)

1.36

Optical properties

Analytic solution for interaction of EM field with
a sphere of radius r and refractive index m

Qext, Qsct, P(0), polarisation

= L0026
@

0@ 5m)

2 [

Phuos usctcn

pEv Scaterieg Anglo s

INTERACTION

Dynamics
Rannou et al. 2002

e O
=
G 52%

aRte]

West et al.

Visible wavelengths
2015

RADIUS: 1190 km
COMPOSITION: N, CHy(5x103), CO(5x104)

GRAVITY: 0.65m/s?
TEMPERATURE: 37K
SURFACE PRESSURE: ~10 pbar
ORBIT: 32AU

Contributions from photochemical products

Puio

Abuce (¢m)

0= e 1070 10

Haze mass fux (g o ') Gontsbuton (percent)

Haze Observations

Lavvas et al. 2021
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contribution of organic ices
(Lellouch etal. 2023).
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