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Droplets in a dipolar Bose-Einstein condensate
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A recent experiment found that a dilute Bose-Einstein condensate (BEC) of highly-magnetic
dysprosium atoms may spontaneously break up into a crystal of droplets, a process reminis-
cent of the Rosensweig instability [1,2]. Dynamic simulations show that the standard dipolar
Gross-Pitaevskii equation cannot explain these long-lived droplets. Recently it was proposed
that quantum fluctuations, in the form of a dipolar Lee-Huang-Yang-type correction to the
energy, are able to provide the necessary stabilization. We investigate the ground state prop-
erties of of these droplets and find a first-order phase transition between a low-density BEC
and a high-density droplet phase. Remarkably, once formed, these droplets become self-
bound and continue to exist even in the absence of any trapping potential. A self-bound
droplet-formation simulation is illustrated in Fig. 1.

[1] H. Kadau et al., Nature 530, 194 (2016)
[2] Schmitt et al,, Nature 539, 259 (2016)
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FG. 1. Density isosarfsoes illustrating the dymamical prodisction
of a sif-bomnd droplet starfing from 2 "Dy condensate with
a; = 130 and 10° sioms. In the dynamics, o, is gquenched to 80y
over 10 ms, and then the tmpping potentinl is temed off over 10ms.
Coniours are for o density slice in the y =0 plane. Ench adjacent
conipar hes a density differing by o facior of 10. See Fig. 5 for other
simulation pammeters and details.
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