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The Io Volcano Observer (IVO) [1] is a NASA Discovery mission currently under Phase A study [2]. Its primary goal is a thorough
investigation of Io (e.g., [3]), the innermost of Jupiter's Galilean moons and the most volcanically active body in the Solar system. The
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strategy consists of the observation of Io mainly during ten targeted flybys [4] between August 2033 and April 2037. At this time, IVO
will orbit Jupiter on highly eccentric orbits with periods between 78 and 260 days, a minimum Jupiter altitude of ~340000 km, apoapsis
distances between 10 and 23 million kilometers, and an orbit inclination of ~45°. Among the remote-sensing and field-and-particle
instruments, there are also a narrow-angle camera (NAC; clear aperture of ~15 cm; pixel field-of-view of 10 µrad) and an infrared
mapping instrument (TMAP).
The irregular moons of Jupiter [5] are a group of Solar system objects which is poorly studied. With 71 currently known objects ranging
in size from ~150 x 120 km (Himalia) down to ~2 km, they are the largest sub-group of Jovian moons with respect to quantity.
Irregular moons are believed to be remnants from catastrophic collisions of progenitor objects suspected to have been trapped by
Jupiter in the early history of the Solar system. Many details and characteristics, including their region of origin and their relationship to
other small bodies, are not known [6].
The first irregular-moon inventory by a spacecraft orbiting the host planet was successfully performed within the Saturn system by the
Cassini spacecraft [7] [8]. Especially in the second half of the mission, approximately one or two days per orbit were used to observe
Saturn's irregular moons, resulting in more than 200 observations of these objects. Since Saturn's irregulars were between 4 and >30
million kilometers away from Cassini (except for the targeted Phoebe flyby in June 2004), the objects appear smaller than a pixel in the
imaging data. From photometric time series observations, lightcurves were extracted. These lightcurves allowed determination of 24
previously unknown rotation periods and 13 pole solutions, shape models, and phase curves. No such inventory has been done so far at
Jupiter, Uranus, or Neptune systems.
Irregular moons are difficult to observe from Earth using small and mid-sized telescopes because of their small sizes (most diameters
are below 10 km) and thus faint appearance (most are darker than 23rd magnitude). In addition, there is a significant straylight
problem from bright Jupiter. Furthermore, since they are quite numerous, thorough inventories are not possible because there are not
enough large telescopes available.
With a spacecraft like Cassini or IVO orbiting close to these objects, the situation improves fundamentally. No large telescopes are
needed anymore because the objects appear much brighter, and because the angular distances to the planet are large. In addition, the
long orbits of IVO offer plenty of uninterrupted observation time over many hours and days. In addition, a large phase-angle range as
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well as out-of-orbit plane observations are possible, adding crucial information that is not possible to achieve from Earth.
Similar to the campaign with Cassini at Saturn, the major scientific goal of IVO's observations of irregular moons is to determine
fundamental physical properties such as rotation periods, pole directions, sizes, and brightnesses as a function of illumination conditions
(phase curves), as well as to provide constraints on object shapes (convex-shape models). This campaign would address many of the
fundamental research goals formulated for small Solar system bodies by NASA's Small Bodies Assessment Group [9] [10]. These goals
include the role of the irregulars in Solar system formation and dynamical evolution; a more complete understanding of the census,
architecture, physical properties (size, shape, mass, density, porosity, spin rate, etc.), surfaces, surface alteration processes, and
nature of interiors, as well as relationships to other bodies, events, and processes. With IVO, fundamental remote-sensing data can be
obtained to move closer to achieving these goals. Since IVO's orbits are very long, this mission provides an ideal platform for a detailed
survey campaign of these intriguing bodies. Performing coordinated observations with other missions (like ESA's JUICE), or combining
observations with laboratory measurements (as proposed in the IVO mission as well) will improve the overall value and interpretation of
the collected data.
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Fig. 1: Range (red line) and phase angle (green) of Jupiter as seen from IVO during the orbit tour.
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Fig. 2: Range, phase angle, and apparent magnitude of Jovian irregular moon Sinope (J9; ø ~ 35 km) as seen from IVO. This plot
illustrates the potential of IVO observations of irregular moons. Sinope is the irregular moons where IVO comes closest in the current
orbit tour. On 27 Dec 2033, the minimum distance will be 690000 km. In the IVO-NAC, the size of Sinope will be ~6 pxl at this time.

27.11.2020, 13:04

CO Meeting Organizer EPSC2020

6 von 7

https://meetingorganizer.copernicus.org/EPSC2020/EPSC2020-767.html

References:
[1] https://ivo.lpl.arizona.edu/
[2] https://www.nasa.gov/press-release/nasa-selects-four-possible-missions-to-study-the-secrets-of-the-solar-system
[3] McEwen, A.S., de Kleer, K., Park, R. (2019): Does Io Have a Magma Ocean? eos.org. https://eos.org/features/does-io-havea-magma-ocean
[4] https://youtu.be/7AO4CDwIXv0
[5] https://sites.google.com/carnegiescience.edu/sheppard/moons/jupitermoons
[6] Nicholson, P.D., Ćuk, M., Sheppard, S.S., Nesvorný, D., Johnson, T.V. (2008): Irregular satellites of the giant planets. In: The Solar
System Beyond Neptune (Barucci, M.A. et al., eds.), Space Science Series, The University of Arizona Press, 411-424.
[7] Denk, T., Mottola, S., Tosi, F., Bottke, W.F., Hamilton, D.P. (2018): The Irregular Satellites of Saturn. In: Enceladus and the Icy
Moons of Saturn (Schenk, P.M., Clark, R.N., Howett, C.J.A., Verbiscer, A.J., Waite, J.H., editors), Space Science Series, The University of
Arizona Press, 409-434. doi:10.2458/azu_uapress_9780816537075-ch020.
[8] Denk, T., Mottola, S. (2019): Studies of Irregular Satellites: I. Lightcurves and Rotation Periods of 25 Saturnian Moons from Cassini
Observations. Icarus 322, 80-103. doi:10.1016/j.icarus.2018.12.040.
[9] SBAG (2016): Goals and Objectives for the Exploration and Investigation of the Solar System’s Small Bodies. Version 1, 04 Mar
2016, 41 pp. https://www.lpi.usra.edu/sbag/goals/SBAG_GoalsDoc_ver.1.2.2016.pdf
[10] SBAG (2020): Goals and Objectives for the Exploration and Investigation of the Solar System's Small Bodies. Version 2, 19 Feb
2020, 47 pp. https://www.lpi.usra.edu/sbag/goals/SBAG_Goals_Document_2020.pdf
How to cite: Denk, T., McEwen, A., Helbert, J., and IVO Team, T.: Survey of Irregular Jovian Moons with IVO, Europlanet Science
Congress 2020, online, 21 September–9 Oct 2020, EPSC2020-767, https://doi.org/10.5194/epsc2020-767, 2020

27.11.2020, 13:04

CO Meeting Organizer EPSC2020

7 von 7

https://meetingorganizer.copernicus.org/EPSC2020/EPSC2020-767.html

Comments on the presentation
Login

to access the discussion

Contact
Imprint
Contact

© 2019 Copernicus GmbH

Data protection

Header image © Europlanet Society

27.11.2020, 13:04

