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MISSION TO THE MOON: AN ESA STUDY ON FUTURE EXPLORATION 

A.F. Chicarro, Space Science Department, ESA/ESTEC, 2200 AG Noordwijk, The Netherlands. 

Background: The increasing worldwide interest in the continuation of lunar exploration has deter- 
mined ESA to carry out an investigation of the motivations to return to the Moon to establish a 
permanent or a semi-permanent manned lunar base. This study also considers the possible role 
Europe could play in the future exploration and possible utilisation of the Moon (1). 

Study g d :  The study concentrated in this first phase mainly on scientific questions, leaving 
technological issues such as transportation, the role of humans, infrastructure and policy matters 
to a later phase. It only partially considered questions relating to the exploitation of lunar 
resources and the impact of human activities on science. For the purpose of this study, the 
scientific issues were divided into three main areas: 

- Science of the Moon, which includes all investigations concerning the Moon as a planetary 
body (geophysics, geochemistry, geology, origin of the Earth-Moon system, interaction of 
the Moon with its environment). 

- Science from the Moon, using the Moon as a platform, hence including observatories in 
the broadest sense (interferometry, very-low-frequency astronomy, astrometry, planetary 
astrono~ny, solar physics and solar wind plasma, high energy physics). 

- Science on the Moon, which includes not only questions related to human activities in space 
but also the development of artificial ecosystems beyond the Earth (exobiology, radiation bi- 
ology and protection, artificial ecosystems and biological support systems, human physiology 
and medecine) . 

Science of the Moon: Lunar sciences will concentrate on the scientific objectives, technical 
elements &d mission scenarios of a $-step renewed exploration programme: 

- A lunar polar orbiter, to provide complete geophysical, geochemical and geological mapping, 
and full high resolution coverage of the lunar surface. 

- Surface stations and rovers, to determine the internal structure of the Moon, the chemical 
and mineralogical composition of selected sites, and to perform traverses across geological 
boundaries. 

- Sample return missions, to further investigate the most relevant sites on the Moon about 
which our knowledge is very limited, such as the highlands and the far side. 

- A lunar outpost/base, to provide support to field geologists in sampling and in-situ obser- 
vations of the lunar surface, as well as to allow the refurbishment of surface stations and 
rovers. 

Science from the Moon: A number of disciplines will take advantage of the stable lunar ground, 
the slow rotation of the Moon, its atmosphere-free sky and, on the far side, its radio-quiet environ- 
ment. Two techniques which will make unique use of the lunar platform are UV to sub-rnillimetre 
interferometric imaging and very-low-frequency astronomy. A logical sequence should be: 
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- To undertake an in-depth design study of an intermediate baseline (-100 m) space-based 
optical interferometer providing milliarcsec resolution. 

- To initiate two conceptual studies for very long baseline ( > 100 m) lunar interferometers to 
cover the UV to IR and the sub-millimetre domains. 

Planetary and solar science will also be considered, while the specific requirements of astrometry 
will be of a comparatively low priority. Very-low-frequency astronomy will be addressed by a 
short-term small study. The lunar surface offers a unique opportunity to investigate the history 
of radiations such as solar wind, solar flare particles, galactic cosmic rays, or solid particle fluxes. 

Science on the Moon: One of the goals of life sciences is evidently to provide information 
prerequisite for establishing a manned lunar base. This includes studies of the human physiology 
under reduced gravity, radiation protection and life support systems, and monitoring of the solar 
activity (predicting and alerting). The studies which should be performed on the Moon rather 
than on the Space Station should be identified during the next phase of the study. A second goal 
of life sciences consists in establishing - for the first time - an artificial ecosystem on a celestial 
body beyond the Earth. Life sciences studies, including these two major interrelated goals, could 
benefit from the same technical elements described in the 4-step approach for lunar exploration. 

Utilisation of the Moon: The infrastructure required by the permanent presence of Man on the 
Moon will make use of available resources to support the exploration activities. Regarding Helium- 
3 as fuel for fusion energy, the non trivial question of mining large amounts of lunar soil in order 
to extract the available Helium-3 can await a later stage of lunar exploration. A question which 
needs to be kept in mind and to be further studied is whether human activity, and in particular 
mining, will not disturb the lunar environment in such a way that the unique scientific activities 
on the Moon are badly hampered. 

Future studies: Already this first phase of the study has confirmed that there is not only significant 
interest in Europe for all lunar science disciplines but that there is also significant expertise in 
many fields. In-depth scientific studies are only recommended in those fields where a potentially 
significant European role has been identified. Several fields are not recommended a second study 
phase: second generation very-low-frequency astronomy (involving large structures), high energy 
physics (cosmic rays), the exploration of the Moon for Helium-3 as fuel for fusion. Future activities 
will focus on three main areas of Science of/fiom/on the Moon, outlined above. 

Concluding remarks: Depending on the financial resources devoted to the exploration of the Moon 
in Europe, and on the time frame in which these could become available, a European contribution 
to lunar exploration could materialize as moderate elements (e.g., a lunar polar orbiter, surface 
stations, a precursor interferometer) early in the sequence of missions, or be part of a larger 
undertaking later (e.g., sample return missions, full-fledged interferometers, a lunar base). Lu- 
nar investigations are preferably to be performed within the framework of a broad international 
collaboration. Europe can play an important role in most fields of scientific investigation of Sci- 
ence of/fiom/on the Moon. Furthermore, ESA should evaluate its role in transportation systems 
and other technological  development.^, human exploration, as well as in programmatic and policy 
matters, in a broader study involving other ES A Directorates. 

Reference: (1) ESA's Lunar Study Steering Group, Mission to the Moon; Europe's Priorities for 
the Scientific Exploration and Utilisation of the Moon, European Space Agency, ESA SP-1150, 
190 pp., 1992. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


