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Future advances in both technology and fundamental science will hinge on a better understanding of the weird effects of
quantum mechanics on collections of electrons, atoms, molecules, and so on. In some cases, experiments probing this
so-called “quantum few-body and many-body physics” can be more readily accomplished in the weightless environment
found in an orbiting laboratory. We propose a staged series of experiments, including (1) “first science” experiment, to
be performed in the Cold Atom Laboratory (CAL) flying in the International Space Station (ISS) first-generation, to
answer a question in few-body quantum physics that can’t be performed in a ground-based laboratory: how universal
are the weakly bound clusters of three atoms known as Efimov trimers? In a weightless environment, experiments can
be performed at very low densities and temperatures, the perfect conditions for these exotic but fragile quantum states to
form. (2) Bose gases with “infinite” interactions. As interactions between atoms become stronger, there is a crossover
between gas-phase and liquid behavior. In ultra-cold atoms, the crossover is between a quantum liquid and a quantum
gas. (3) Highly rotating quantum gases. Many of the most exotic and unexplored predicted states of matter occur in the
presence of very strong magnetic fields, for electrons, or high rates of rotation, for neutral particles. We will explore
Quantum Hall physics in highly rotating Bose and Fermi gases. Experiments (2) and (3) will benefit significantly from
the longer expansion times and weaker traps possible in weightlessness. Preliminary versions of both experiments will
be done in a ground-based laboratory in order to establish the foundation for future flight-based experiments.

New project for FY2014.
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