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Ultracold, trapped atomic gases as material systems1
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Laser cooling and evaporative cooling of neutral atomic gases has led to the creation of quantum degenerate Bose and Fermi gases that
constitute a new class of material systems. Many of the features of the Hamiltonians governing the behavior of these systems can be
controlled and manipulated in experiments. The necessarily finite sizes of such systems are often mesoscopic in the sense that they
are large enough that collective effects are important, yet small enough that the size plays a role in determining the systems’ behavior.
Among the experimental tools available are optical lattices, synthetic fields, and the ability to change the size and dimensionality of the
system. Ultracold gases can realize some of the idealized Hamiltonians used to model condensed matter systems, creating a quantum
simulation of such models, which may be calculationally intractable. Atomic gases can also provide new condensed-matter-like systems
that have no analogs in real condensed matter.
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