LAVOISIER : a low-altitude balloon network for probing deep atmosphere and surface of Venus.

One of the most promising area in Solar System science is the comparative study of the three terrestrial planets (Venus, Earth, Mars). Why did the three planets evolve in such different ways, from relatively comparable initial states? The small size of Mars, favouring atmospheric escape and allowing a relatively fast cooling of the interior, certainly played a role in making the present Mars so inhos-pitable. Venus has almost the same size and density as Earth, and was probably initially endowed with similar amounts of volatile material. The absence of water in significant amounts, possibly explained by intense hydrogen escape at early epochs, and of molecu-lar oxygen in the present atmosphere, which requires extremely strong primitive escape and/or massive oxidation of surface material, remains poorly constrained and understood. Because of the massive carbon dioxide atmosphere, there is a large greenhouse effect at the surface of Venus, where the temperature is ‰470°C. The way such a strong greenhouse built up and stabilized is not well understood. How did the atmosphere evolve, under the combined effects of escape and interaction with solid planet? How did the history of tecto-nism and volcanism influence, or was influenced by, atmospheric greenhouse, mantle convection and core solidification rate? Did the last general resurfacing event, ‰0.5-1 Gyr ago, occur in coincidence with complete freezing of the core, and vanishing of a primitive dynamo? Which processes are presently controlling the thermochemical equilibrium between the surface and the atmosphere, what is the nature of the feedback processes, what are the roles of carbon, sulfur and chlorine cycles? Is there a present volcanic activity?

Due to the large Archimede force in the low atmosphere of Venus (a 2 cubic meters He-pressurized balloon is able to carry charges up to 100 kg), using balloons for exploring the deep atmosphere of Venus is promising, provided technical challenges like thermal insulation, energy generation, tolerance of materials and components to extreme environmental conditions, are solved. Such a balloon mission, like the LAVOISIER project proposed in January 2000 in response to ESA AO for the flexible missions F2./F3, would have a high scientific potential in the field of geochemistry and planetary evolution. LAVOISIER consists of a Venus descent probe/ balloon flotilla system oriented toward : (i) measuring with a high accuracy the noble gas elemental and isotopic composition ; (ii) characteri-zing the main chemical cycles (carbon, sulfur, chlorine) in the low atmosphere, and their interaction with surface minerals ; (iii) hel-ping in improving radiative transfer models through the spectral measurement of infrared fluxes, and measuring the surface tempera-ture ; (iv) constraining small-scale and meso-scale dynamics of the deep atmosphere (winds, atmospheric mixing, meteorological events like storms) ; (v) constraining the morphological and mineralogical characteristics of the surface through visible-near infrared spectro-imaging ; (vi) searching, through correlated detection of acoustic and/or electromagnetic signals, or of natural radioactivity, by the three balloon-borne stations, for phenomena of interest like : lightning, volcanic activity, crustal outgassing, seismic acti-vity, remnant magnetization, Š. A network of typically three balloons, moving under the effect of superrotation winds, and tracked from Earth by VLBI, would provide a large horizontal coverage. In a final stage, stations might be deposited at the surface by deflating ballons, providing vertical profiles of the deep atmosphere at several places, and operated during several days or months at the surface.

