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S1. Magnetization reversal imaging by VF-MFM

In Figure 2a, two non-standard 2D MFM images are shown. Figure S1 exhibits addi-
tional series of non-standard 2D MFM images with different magnetic field ranges for the
same NW studied in Figure 2 data. 2D images from Figure 2a and S1b were recorded with
a scan velocity of 1.6 lines per second, while the ones in Figure Sla were recorded at 2.3
lines per second. From this, we conclude that the magnetization reversal processes do not
depend on the scan velocity. From these images, it is observed that the magnetization
reversal process presents a stochastic behavior since in each scan CoNi segments present
slight changes in the reversal field. The advantage of decreasing the range of the 2D MFM
experiments is the increase of the resolution. The images in (b) allow to distinguish further
details of the magnetization process as the existence of skyrmion tubes (upper panel in
(b)) or two vortex configuration in lower panel in (b).
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Figure S1. Non-standard 2D MFM images of a single NW for an applied magnetic field of (a) + 47
mT and (b) + 28 mT.

S2. Choice of parameters of micromagnetic modelling

The differences in the reversal magnetization fields for each segment of the NW can
be attributed to slight anisotropy differences between CoNi segments and geometrical
features. Figure S2 shows three hysteresis loops for NWs with the same (asymmetric) ge-
ometry and different anisotropies (68° and 65° with respect to NW axis); and same mag-
netic anisotropy (65°) but different geometries (Figure S2a). The configuration with asym-
metric geometry and anisotropy of 68° corresponds to the same used for micromagnetic
modelling in the main text. Experimentally grown NW may not have all CoNi segments
nor Cu layers with exactly the same length, but with small variations of some nm. The
increase of the anisotropy angle promotes the development of the vortex and skyrmion
tube states which are stables in a larger range of fields.

As can be seen in Figure S2¢, minimum changes in the simulated NW geometry result
in slight alterations of the evolution of the vortex and thus changes in the coercive fields.
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Figure S2. (a) Sketch of two simulated CoNi/Cu NWs with different segments and Cu layers
lengths. (b) Hysteresis loops of NWs with different anisotropies (68° and 65° with respect to NW
axis) and geometries as shown in (a). (¢) Zoom of hysteresis loops of NWs with anisotropy at 65°
and different geometries.



