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Abstract:

In general, the design orbit in a synchrotron accelerator or a storage ring closes
in one turn around the ring, i.e., the length of a closed orbit is equal to the
circumference of the ring. On the other hand, a Stellarator or a Heliotron for
plasma confinement with magnetic fields has a donut (torus) shape with helically
wound coils. Each coil winding does not close in one turn but closes after multiple
turns around a torus. The shape of a coil winding on a torus is called torus knot.
Similar to the coil winding of a Stellarator, if the beam in an accelerator draws a
torus knot trajectory, a design orbit closes after multiple turns.

A realistic multiple-turn lattice can be realized by placing conventional accelerator
components on a projected torus knot in the horizontal plane. The ring with this
lattice may have larger maximum stored charge in multiple-bunch mode, and
longer bunch-to-bunch interval in a single-bunch mode as compared to the same
footprint conventional ring. Also, for an electron storage ring as the synchrotron
light source, a larger number of straight sections may accommodate with many
insertion devices.

This new concept may be applicable not only for a light source ring but also for a
compact proton/heavy ion synchrotron or a positron damping ring for ILC for
saving space.
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