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Objectives: To investigate the links between water and related molecules during the star and planet formation process. Task 1: Investigate excitation and radiative
transfer in the HD molecule, in order to understand its utility as tracer of disk mass. Task 2. Study how water and complex organic molecules (COMs) form in ices in
molecular clouds and disks. Task 3. Study how water is distributed and how it migrates in protoplanetary disks to understand how water ends up in the planets,
small bodies (comets, asteroids) and dust in planetary systems by carrying out state-of-the-art chemical and dynamical modeling. Task 4. Determine how the
current value of the deuterium-to-hydrogen (D/H) ratio of Uranus and Neptune is reproduced by solid accretion taking place during the process of forming, using
both analytical and numerical approaches. Task 5. Determine if polarization can be used to differentiate water clouds from sulfuric acid clouds, and if acid
concentration is low enough to support life as we know it on an exo-Venus to be discovered using a future 6-m space telescope with a starshade.
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Task 4: To study the accretion of solids on to forming planets we have used a state-of-the art N-body code in
which the dynamics of solids with a wide size range (~ 1m to >103 km) is reliably computed. This capability is > . 1
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Significance/Benefits to JPL and NASA: Task 5: We calculated polarization models for an
Our results are relevant to current and future JPL missions exo-Venus and found that for a noise level of 1%
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* We show that velocity resolved spectroscopy and spatially resolved imaging of the HD emission from concentration becomes possible.
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