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in the transverse direction was also reproduced in our
numerical simulation of the azimuthally symmetric 3D
Gross-Pitaevskii equation, displayed as the solid line in
Fig. 5. However, the numerics, when starting with a thor-
oughly relaxed wave function in the initial trap, show a
sign of longitudinal pattern formation only after 18 ms,
while in the experiment, longitudinal patterns clearly
formed already during the third period (9 ms). This, again,
hints at the importance of initial noise in the condensate
that seeds the parametric amplification. In the experiment,
the patterns start out similar to those displayed in Fig. 1 for
the case of a weak drive at 321 Hz. But, upon the action of
the strong drive, they quickly evolve into more compli-
cated patterns, involving the excitation of several other
modes. The inset of Fig. 5 shows an image taken after
5.2 driving periods (a), together with the Fourier transform
(b). The Fourier spectrum reveals that several modes cor-
responding to the first resonance tongue of longitudinal
modes with nearly half the driving frequency are excited.
In addition, modes at twice the distance from the central
Fourier peak are visible. Those modes belong to the second
resonance tongue of the main resonance.

In conclusion, we have experimentally observed the
effects of parametric resonances in a BEC. The observed
resonances lead to Faraday waves along the long BEC axis.
These results advance the understanding of collective
mode behavior in a condensate, which is one of the key
tools to study BEC dynamics. In addition, we have shown

that strongly driving the transverse breathing mode leads to
an instability whereupon the mode amplitude increases
exponentially, accompanied by the strong excitation of
multiple soundlike modes.
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