
PAYLOAD AND MISS ION DEFINIT ION IN
SPACE SCIENCES

This book is intended for scientists and engineers involved in the definition and develop-
ment of space science missions. The processes that such missions follow, from the proposal
to a space agency, to a successful mission completion, are numerous. The rationale behind
approval of a mission, its definition and the payload that it will include are topics that
cannot be presented in undergraduate courses. This book contains contributions from
experts who are involved in today’s space missions at various levels. Chapters cover mis-
sion phases and implementation, launchers and cruise strategies, including gravity-assist
manoeuvers and different thrust scenarios. The payload needed for remote sensing of
the Universe at various wavelengths and for in situ measurements is described in detail,
and particular attention is paid to the most recent planetary landers. Whilst the book
concentrates on the ESA Program Cosmic Visions, its content is relevant to space science
missions at all space agencies.
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Preface

The steps needed to define a successful space science mission are numerous. The science
drivers, the unique advantages this mission provides over past missions or earth-based
experiments, and the payload that it includes are the key factors to guarantee its success.
Finding the required information on such topics is not so straightforward, especially as
they are usually outside the scope of undergraduate courses. The 2003 Canary Islands
Winter School of Astrophysics aimed at providing a focused framework that helps fill this
need. Space agencies follow a necessarily complex path towards the selection of a specific
mission, as required by the enormous costs that are associated with space activities. The
steps towards its completion are elaborate and require careful assessment at every stage.
The orbit that will be used and the requirements that are imposed have impacts on the
science and the mission budget. Thus, knowing how to make the best use of propulsion
technologies and gravity helps from solar system bodies plays a crucial role. The first
two chapters of this book cover all these topics and illustrate the complexity of defining
space missions as well as how and where look for help (i.e. other than the rarely receptive
funding agencies).

The instruments on-board will in the end make the science that has driven the mission.
How the science questions translate into specific requirements, and then, into the ac-
tual instruments are crucial aspects in the definition of the payload. Depending on the
wavelength range that will be observed by the remote sensing instruments (from gamma
rays to radio waves), the instruments must use broadly different technologies. In contrast
to most other areas of astronomy, space science allows experimentation in situ with the
objects under study, from interplanetary particles and fields to large planets of the solar
system. These topics, with the different physical processes involved and corresponding
technologies, are covered to various degrees in this book. Most importantly, the link be-
tween science questions and payload requirements is maintained throughout the book.
The examples of specific missions in which specific payload was used clarify the process
of mission and payload definition in space sciences.

The Winter School itself and the present book have focused heavily on the current and
planned ESA Cosmic Vision program. This decision was taken not only on the basis of
natural geographical considerations, but also because the European Space Agency (ESA)
program offers a balanced set of missions that cover all aspects of space sciences. Thus, the
resulting book is clearly based on the expertise gained by the european space community
over the past few decades. However, the links with programs from other space agencies
(mostly National Aeronautics and Space Administration NASA) make the contents of
the book of general validity. The recurrent illustrative references to certain missions such
as the ESA mission Solar Orbiter are related to the natural bias of the editor, but I trust
the reader will forgive me for that.

January, 2005 Valent́ın Mart́ınez Pillet
Instituto de Astrof́ısica de Canarias
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