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Supplementary Note 1:

Sample characterization

The crystal is a roughly rectangular cuboid with dimensions 2:4 1:9  1:1 mm?3. After a natural £100g facet of
the Cup0SeO3 crystal is chosen as the surface for investigation, it is mechanically polished, and its orientation
is verified via X-ray diffraction using the Laue method. As shown in Supp. Fig. 1(a), the pattern is consistent
with a 1009 surface. Supp. Fig. 1(b) shows the crystallographic directions and faces, which are identified based

on the X-ray diffraction and measurements of the physical angles between natural faces.

a

Supp. Fig. 1 Cu208SeO3 crystallographic orientations. (a) Four-fold symmetric diffraction pattern obtained using X-ray Laue on
the scanned (001) surface of the CupOSeO3 single crystal after mechanical polishing. (b) Optical micrograph of the crystal with
labeled crystallographic axes and planes. The location of the SSM scanning window is represented in red, and the MFM scanning

window is in blue, with both sizes exaggerated for clarity. The edges of the crystal have also been highlighted for clarity.

Before imaging by scanning SQUID microscopy (SSM), the (001) surface is etched using Ar plasma, and the
resulting roughness is measured by atomic force microscopy (AFM). As shown in Supp. Fig. 2, the surface has

a roughness of 5 nm with a lateral feature size of 70-130 nm.
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Supp. Fig. 2 Atomic force micrograph of the (001) surface of the same CupOSeO3 crystal measured and described in the main

text. The image shows an approximate roughness of 5 nm on a characteristic length scale of 70-130 nm. Scalebar: 1 m.



Supplementary Note 2:

Magnetic scanning probe microscopy techniques

Supp. Figs. 3(a) and (b) show schematic drawings of the nanowire-based magnetic force microscopy (MFM)

and scanning SQUID microscopy (SSM) setups, respectively.

a Magnetic force microscopy

Zoom-in

Laser

Photoreceiver

out

analyser %

Lock-in Vi
\@7’_ PLLT | S—
oc  PLL2
1

b Scanning SQUID microscopy
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Supp. Fig. 3 Scanning probe microscopy apparatus. Each diagram shows a sample mounted on a movable stage, actuated by
piezoelectric positioners. For scale, the white sample holder in each diagram is 12 X 12 mm in lateral size. Above this sample is the
scanning probe, along with its corresponding readout scheme. Insets show zoomed-in views of each probe, which more clearly depict
the detection schemes. (a) For nanowire magnetic force microscopy, focused laser light (red) is used for interferometric detection
of the nanowire’s flexural motion. (b) For scanning SQUID microscopy, a mechanically coupled tuning fork is used for tip-—sample

distance control. Figure adapted from Marchiori et al. [1]
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