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Interactions among atoms in quantum gases make them a model sys-
tem for many branches of physics including condensed matter, and
nonlinear dynamics. So far all the impressive phenomena (like superflu-
idity, soliton and vortex formation, BEC-BCS crossover etc.) in atomic
Bose and Fermi gases are caused by an isotropic contact interaction,
originating from s-wave scattering off the van der Waals potential.

Here we report on the first realization of a purely dipolar quantum
gas, where the long-range and anisotropic interaction between mag-

netic chromium atoms is determining the physical properties. To gen-
erate a dipolar quantum gas we tune the remaining contact interaction
to zero via a Feshbach resonance. Dipolar gases exhibit characteristic
instabilities due to the attractive part of the interaction, which we
studied systematically. The dipolar collapse of a BEC shows the char-
acteristic d-wave symmetry of the dipolar interaction.

We also briefly report on our experiments on interacting ultracold
Rydberg atoms excited from a Rb BEC. Universal scaling behaviour
due to an underlying quantum phase transition is observed. Here the
long-range strong repulsive van der Waals interaction is responsible for
novel many-body physics.


