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Abstract

The planet Uranus is one of two ice giants in the so-
lar system, both of which have only been visited only
once by the Voyager 2 spacecraft. Ice giants represent
a fundamental class of planet, and in fact, many known
exoplanets fall in this category. Therefore, a dedicated
mission to an ice giant is crucial to deepen our under-
standing of the formation, evolution and current char-
acteristics of such planetary and exoplanetary systems.
Here we present the results of a detailed study of a mis-
sion to investigate the Uranus system as an archetype
for ice giants. Our detailed trade-off study has resulted
in a mission configuration consisting of an orbiter with
a deep atmospheric probe and an extensive orbital tour
of the main moons of the Uranus system

1. Introduction

Since no dedicated mission to an icy giant has flown so
far, there is a pressing need for this type of mission to
deepen our knowledge of the formation, evolution and
current characteristics of such a planet and its system
[1, 2]. Not only will the measurements performed by
this kind of mission directly provide crucial science
data, they will help to constrain the interpretation of
ground-based observations. We conducted a detailed
study for the design of a mission to fulfill the primary
science goal, namely: to investigate Uranus and its
system as an archetype for ice giants. We present the
science objectives, instrument selection, architecture
rationale and system design for a mission to the Ura-
nian system.

2. Science objectives

The mission is a general exploratory mission, with a
focus on exploring the formation and evolution of the
icy giants and further constrain planetary system for-
mation models. Furthermore, specific investigations
of the Uranian system will be performed. The science
objectives have been divided into the following cate-
gories:

¢ Atmosphere: What is the composition of the at-
mosphere? What are the drivers of atmospheric
chemistry? What are the atmosphere dynamics?

e Interior: Why is the heat flux lower than ex-
pected? What are the implications for the inte-
rior and thermal evolution of the planet? Why
does Uranus have such a strong intrinsic mag-
netic field? How do its characteristics constrain
the interior? Is there a rocky silicate core?

* Uranian system: What is the origin and evolution
of the Uranian moons? What is the internal struc-
ture, composition and current thermal state of the
moons? How have the Uranian rings formed and
evolved? What governs the dynamics of the Ura-
nian rings?

* Magnetosphere: How is plasma produced and
transported in the magnetosphere? What are
the dynamics of the uniquely configured Uranian
magnetosphere and its interaction with the Solar
wind?

From these top-level questions, we derived specific
science questions, required measurements and fi-
nally instrument requirements and suitable instru-



ments. The primary science questions relate to inves-
tigating Uranus’ deep interior and outer layers as these
are most directly related to the primary science goal.
Investigations of the moons, rings and the magneto-
sphere can then provide complementary observations
on the Uranian system specifically and less on icy gi-
ants in general.

3. Trade-off & Selection

Several mission architectures, such as an orbiter with
probe or a flyby mission, were traded off. In this pro-
cess, the relative importance of the science questions,
the capabilities of each concept to carry a certain pay-
load and its capability to answer the science questions
in the given architecture were traded off. Similarly, the
feasibility of each concept from an engineering point-
of-view was assessed, taking into account matters such
as cost and risk. The results are presented as a function
of relative engineering and science score weights, pro-
viding an envelope of optimal mission selections over
arange of mission scopes and types. For our objectives
and mission type, we determine that a Uranus orbiter
with a single entry probe, including an extended moon
tour, is the optimal selection. Other possibly competi-
tive mission architectures include a flyby mission, for
a concept with a high engineering weight or a multi-
spacecraft mission, for concepts with extremely low
engineering weights.

4. Mission Profile

The spacecraft is to launch in 2026 on an Ariane 5
ECA launcher and arrive at Uranus in 2044 using con-
ventional high-thrust systems. Before Uranus orbit in-
sertion, the probe is deployed, which is designed for a
descent down to 100 bar [3]. The first two years of the
mission are dedicated to close observations of Uranus
itself, with a periapsis very close to the planet, for high
resolution imaging and gravity science, and an apoap-
sis outside the bow shock, for magnetospheric studies.
Subsequently, the periapsis is raised incrementally, al-
lowing for a nominal nine flybys of each of the five
main moons of Uranus. Possibilities exist for mission
extension at the final orbit, which crosses the orbit of
the moon Oberon, to extend even further the science
return from this mission

5. Spacecraft systems

The dry mass in Uranus orbit, applying both system
and subsystem margins, is determined to be 2052 kg,

excluding the 350 kg probe. The spacecraft is to be
powered by four Advanced Stirling Radioisotope Gen-
erators (ASRGs), which are currently under develop-
ment. A set of batteries is included, capable of cov-
ering the loss of one ASRG through the peak power
phase. The spacecraft will have 100 Gbit data stor-
age capacity for optimizing the science return through
careful selection of transmitted data. Data transmis-
sion is performed by a 3.5 m high gain antenna trans-
mitting in X-band for communications and Ka-band
for tracking. .

6. Conclusion

A dedicated mission to Uranus represents a unique op-
portunity to study an ice giant system and to gain new
insights into the formation and evolution of icy giant
systems. The knowledge gained from this investiga-
tion would provide crucial constraints to current mod-
els for planetary formation and evolution, and would
further address a significant gap in the current un-
derstanding of Solar System formation. Our detailed
trade-off study has resulted in a mission configuration
consisting of an orbiter with a deep atmospheric probe
and an extensive orbital tour of the main moons of the
Uranus system.
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