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● Uranus and Neptune-type ice giants may be typical representatives of a common class of 
exoplanets, yet they are the least explored planets in the Solar System (only 1 flyby in 1986 
by Voyager 2, which observed the southern hemisphere of the planets and moons)

● Uranus is a rich system and good laboratory for Planetology: 5 moons, 13 moonlets, 
complex ring system, …

● Main moons’ surfaces are formed of H2O ice, carbon-based ices including CO2 and 
nitrogen-based ices such as NH3 (recent geological activity?)

● Moons’ true constituents (oceans?) are not known

● A launch window opportunity will occur in 2030–2034 due to a favorable gravity assist 
configuration by Jupiter, allowing a probe to reach the system before its 2050 equinox, after 
which the northern hemisphere will again become inaccessible (space missions are now 
being proposed/investigated)

● Comparison between the currently visible northern hemisphere with southern hemisphere 
results by Voyager 2 is essential to guide the investigations by such space missions.

● In this context, a successful campaign was carried out in 21 September 2020 at the USA 
and Canada for the observation of a stellar occultation by Umbriel with 19 positive chords







Photometry with the PRAIA package (Assafin, 
2023, P&SS): https://ov.ufrj.br/en/PRAIA/         



Ingress/egress instants: SORA package (Gomes-Júnior et al., 
2022, MNRAS): https://github.com/riogroup/SORA                    





Limb fittings: SORA package (Gomes-Júnior et al., 2022, 
MNRAS): https://github.com/riogroup/SORA                     



Apparent ellipse to 
true ellipsoid a > b = c 



Surface gravity=GM
R2

Density= mass
volume

Scape velocity=√ 2GM
R

Volume=4 π R3

3

Geometric albedo p=

(α ,δ)⇐ limb fitting

atmosphere limits⇐ light curve fitting by atmosphere modelusing ray tracing

Results



Atmosphere limits

Rocc−RV 2=−2.3±2.9 km⇒1σ upper limit<5.2km

Marcelo
p = 150 nbar



Atmosphere limits



Umbriel strong limb variation at both hemispheres

Voyager 2 measurements of
the southern hemisphere

This occultation probed the northern hemisphere
    ==> Limb parameter = 4.2 km consistent with Voyager 2

Left: P.C. Thomas (Ícarus 1988). Above: photoclinometry by P.M. 
Schenk & J.M. Moore (Philosophical Transactions A, 2020)
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