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Supplementary Figure 1 j Hop on ring nucleation. a illustrates the configuration that has been achieved by saturating
the sample in the perpendicular magnetic field, subsequently reducing the external field to zero, and finally applying a short
electric current pulse. b and c illustrate the evolution of the contrast under an external magnetic field applied in the negative
direction — opposite to the saturating field. Positive and negative field directions correspond to the directions towards the
viewer and away from the viewer as indicated by symbols in b-d and in f-g. At this step, the large skyrmion clusters
collapse, and we often end up with a few configurations with a hopfion ring as in €. d is a zoomed-in view of the image shown
in ¢ (dashed square). e, The contrast of the hopfion ring around two skyrmion strings after the magnetic field is reduced back
to zero. The images f and g show the evolution of Lorentz TEM contrast as the field increases in the positive direction but
nearly the same absolute value as in the negative direction in ¢. h displays the contrast after reducing the external magnetic
field to zero again. It indicates that the hopfion ring remains stable even after a few cycles of applying positive and negative
fields. The images were taken at a defocus distance of 700 m and temperature 95 K. The scale bar in all images corresponds
to 100 nm.
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Supplementary Figure 2 j Field-driven evolution of hop on rings. Each row of images represents the sequence of over-
focus Lorentz TEM images recorded during the magnetic field reversal from a negative to a positive direction. The strength
of magnetic field is labeled in the top-left of each images. Positive and negative field directions correspond to fields pointing
toward and away from the viewer, as denoted by the symbols and in a, respectively. In each row, the negative field
decreases from left to right, reaches zero, and then increases in the positive direction. a and b are the extended versions of
Figures 3a and b, respectively. d, Extended version of Figure 2c. Under negative fields, bumps are observed in the hopfion
rings. As the positive field increases, these bumps gradually diminish and disappear at higher positive fields. The hopfion ring
remains stable within this magnetic field range. The images were taken at a defocus distance of 700 m and temperature 95
K. The scale bar in all images corresponds to 100 nm.






