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Introduction:  This abstract (Part 1) and its 

companion by Denk et al. (Part 2) [1] present the 
benefits of observing the Irregular moons of Uranus 
from a spacecraft in orbit around the planet. Here, we 
describe science objectives and the potential of ground-
based observations of Uranian Irregulars to support the 
Uranus Orbiter Probe (UOP) mission. 

The Uranian Irregular Moon System: Uranus has 
nine currently-known Irregular moons [2, 3]. Eight of 
these are on retrograde orbits, and one is on a prograde 
path (Table 1). They range in size from ~18 to ~160 km 
in diameter and follow eccentric orbits with mean semi-
major axes between 167 and 824 Uranus radii (~4.3 to 
~20.9·106 km) [4]. Relative to the orbit plane of Uranus 
around the Sun, the Uranian Irregulars have highly tilted 
orbits. Most are faint and positioned in the sky close to 
their bright host planet, so studying these objects from 
Earth is extremely difficult and requires large apertures 
to obtain a useful signal-to-noise ratio (SNR). 

In contrast, the Jovian and Saturnian systems have 
far more irregular satellites: 87 and 66,  respectively. 
The differences between the population sizes of the 
Irregular moon systems of the gas and ice giant planets 
may be due in part to Uranus’ larger heliocentric 
distance makes it more difficult to detect smaller bodies. 
So far, only Uranian irregulars with diameters ≳18 km 
have been detected ([5] give ~7 km as the limit of their 
survey). Similarly, the Jovian and Saturnian systems 
have nine Irregulars ≳10 km, so it’s likely that Uranus 
harbors hundreds of Irregular moons >1 km.  

Ground-based Observations: While the orbital 
elements of these objects are well known [3], very little 
is known on their basic physical properties. Sizes are 
primarily estimated from apparent magnitudes and 
assumed albedos [5], except for Sycorax and Caliban, 
whose sizes were determined from Herschel and Spitzer 
[6, 7] measurements of their thermal fluxes. Other 
properties, especially colors, were reported by [8-11], 
but with limited SNR. Rotation curves (light curves) and 
periods of five Uranian Irregulars from K2 data have 
been published by [7] (see also Table in [1]).  

The increased aperture sizes of the extremely large 
telescopes (ELTs) coming online by the end of this 
decade will increase the SNR, and these new facilities 
could detect many more fainter, and therefore smaller, 
Irregulars. The Vera Rubin Observatory’s LSST can 
obtain long-term measurements of the satellite 
reflectance variations with rotation (light curves) and 

determine rotation periods at least for the brighter 
moons with R ≲ 24. 

The Uranus system crosses the galactic plane in 
2032-2033, providing numerous background stars for 
Irregular moons to occult [12]. Stellar occultations by 
small bodies, e.g., contact-binary Kuiper belt object 
(486958) Arrokoth [13] and Trojan asteroid (11351) 
Leucus [13], have been used to measure their shapes and 
sizes in support of NASA’s New Horizons and Lucy 
missions, respectively. Similar campaigns to observe 
stellar occultations by the Uranian Irregular satellites 
could provide first-order shapes and sizes (and therefore 
albedo), informing planetesimal formation mechanisms 
since the Uranian Irregulars are likely very primitive. 

Observing Irregular Moons From Spacecraft: 
Only UOP can obtain more shape information from 
light curves acquired at high solar phase angles. The 
companion abstract (Part 2) [1] presents Cassini’s 
campaign to observe Saturn’s Irregulars [15], the 
upcoming JUICE campaign in the Jupiter system, and 
how the UOP mission might conduct such observations. 
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Table: Uranian Irregular moons: Orbital elements, 
orbit periods, apparent and absolute magnitudes.  

Notes: Orbital elements and periods (a, e, i, P) from JPL 
SSD URA116 [3]. The longest period is 7.7 years or ~1/11th 
Uranus orbit around the Sun. R magnitudes from [5]; H 
(absolute V magnitude) values from [16].  
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