TYING QUANTUM KNOTS
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The theory of knots has a long history in mathematics and physics since Lord Kelvin
proposed knots in ether as a model of atoms [1]. Although this proposal did not work in
physical reality, it gave a birth to mathematical study of knots [2]. Recent experiments
have observed knots in a variety of classical contexts, including nematic liquid crystals,
DNA, optical beams and water. However, no experimental observations of knots have yet
been reported in quantum matter. We demonstrate the controlled creation and detection
of knot solitons in the order parameter of a spinor Bose-Einstein condensate [3]. The
observed texture corresponds to a topologically nontrivial element of the third homotopy
group and exhibits the celebrated Hopf fibration, which unites many seemingly unrelated
physical phenomena. The very good agreement between the experiments and theory provides conclusive evidence for the existence of the knot soliton. Our observations establish
an experimental foundation for future studies of knot stability and dynamics within quantum systems.

Figure 1: Linked preimages. (a, e) Experimentally obtained images of the |0i component of the condensate taken along the vertical (a) and horizontal (e) axes, and (b, f)
results of corresponding numerical simulations. (c, g) and (d, h) show vertically and
horizontally integrated densities and Hopf fibrations before time of flight.
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