
A purely dipolar quantum gas
Tilman Pfau

5. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57, D-70550 Stuttgart,
Germany, t.pfau@physik.uni-stuttgart.de

In usual experiments with BECs, the only relevant interaction is the isotropic and short-
range contact interaction, which is described by a single parameter, the scattering length
a. In contrast, the dipole–dipole interaction between particles possessing an electric or
magnetic dipole moment is of long range character and anisotropic, which gives rise to
new phenomena1.

Most prominently, the stability of a dipolar BEC depends notonly on the value of the
scattering lengtha, but also strongly on the geometry of the external trapping potential.
Here, we report on the experimental investigation of the stability of a dipolar BEC of52Cr
as a function of the scattering length and the trap aspect ratio. We find good agreement with
a universal stability threshold arising from a simple theoretical model. Using a pancake-
shaped trap with the dipoles oriented along the short axis ofthe trap, we are able to tune
the scattering length to zero, stabilizing a purely dipolarquantum gas2.

We also experimentally investigated the collapse dynamicsof a dipolar condensate of
52Cr atoms when the s-wave scattering length characterizing the contact interaction is re-
duced below a critical value. A complex dynamics, involvingan anisotropic, d-wave sym-
metric explosion of the condensate, was observed on time scales significantly shorter than
the trap period. At the same time, the condensate atom numberdecreases abruptly dur-
ing the collapse. We compare our experimental results with numerical simulations of the
three-dimensional Gross-Pitaevskii equation, includingthe contact and dipolar interactions
as well as three-body losses (see Fig.1). The simulations indicate that the collapse is ac-
companied by the formation of two vortex rings with oppositecirculations.3.

Figure 1: Dipolar collapse dynamics for different hold times in the trap. Upper line:
experiment, lower line: theory.
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