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Abstract: The outer solar system comprises many unexplored bodies within which
evidence of the origin, formation, and fundamental processes central to the evolution of
the solar system can be found. Filling the gap in size between the larger gas giants and
the smaller terrestrial planets including Earth, the planets Uranus and Neptune represent
the entire population of a largely unexplored class of planets known as the Ice Giants.
 Due to the physical limitations of remote sensing and the lack of in situ measurements,
many of the most important physical and atmospheric properties of the ice giants are
poorly constrained and the ultimate role of the ice giants in the evolution of the Solar
System is currently impossible to ascertain. Only in situ exploration by a single or
multiple descent probes can reveal the secrets of the deep, well-mixed atmosphere that
contains pristine materials from the epoch and location of ice giant formation. Of
particular importance are the chemically inert noble gases. With no detectable radio
signature and therefore requiring direct sampling, the noble gases reflect the processes of
ice giant origin, formation, and evolution. The primary goal of a ice giant atmospheric
probe would therefore be to measure the well-mixed abundances of the noble gases He,
Ne, Ar, Kr, Xe and their isotopes, the altitude profile of the heavier elements C, N, S,
and P, key isotope ratios 15N/14N, 13C/12C, 17O/16O and 18O/16O, and D/H, as well as key
disequilibrium species such as CO and PH3. The atmospheric probe would sample well
into the cloud-forming regions of the troposphere where many cosmogenically important
and abundant species are expected to be well-mixed, far below regions directly
accessible to cloud top remote sensing. In this talk I will present a mission concept for a
possible future flagship mission to one of the ice giants that includes a NASA-provided
spacecraft to carry and deliver a European probe to enter and descend into the ice giant
atmosphere.
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