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Figure 1 Schematic illustration of various topological spin textures such
as skyrmion(a), antiskyrmion(b), meron(c), and antimeron(d)
spin textures. e-h, Their projections onto a unit sphere.
Skyrmion and antiskyrmion are characterized by integer
values of skyrmion number N since the spins wrap whole
unit spheres, while meron and antimeron are characterized
by half-integer values of N, since the spins wrap half of unit
spheres.
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Figure 2 a, Crystal structure of GdRu,Ge,. b, B-T magnetic phase
diagram of GdRu,Ge, for B || [001]. The background color
represents the value of Hall resistivity p . Open circles
(triangles) indicate phase boundaries obtained from the
magnetic-field (temperature) dependence of magnetization
M. ¢, Magnetic-field dependence of magnetization M,
longitudinal resistivity p,, and Hall resistivity p,, measured
at 6 K for B || [001] and electric current / || [100]. Black and
gray lines represent the field increasing and decreasing runs,
respectively.
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Figure 3 a-e, Line profiles of (4 + 9, 2, 0) scan (that is, line scan A) for
Phases I (B = 0) (a), 11 (0.92 T) (b), I1I (1.03 T) (c), IV (1.13
T) (d) and V (1.3 T) (e) to identify the Q = (g, 0, 0) magnetic
satellite peaks around the fundamental Bragg spot (4, 2, 0).
Each experimental data (closed circles) is fitted by one or two
Gaussian functions. f—j, Line profiles of (4 — 7, —¢, + 7, 0) scan
(that is, line scan B) to identify Q =~ (¢/2, ¢/2, 0) magnetic
satellite peaks around the fundamental Bragg spot (4, 0, 0)
for Phases I (f), II (g), 1II (h), IV (i) and V (j). The definition
of g, is shown in k. Magnetic modulation peak positions are
indicated with grey triangles in b, ¢, g and h. k—o, Reciprocal-
space distribution of magnetic satellite reflections, as well as
the directions of line scans A and B for Phases I (k), II (1), I1I
(m), IV (n) and V (o). The selection rule of magnetic satellite
reflections is common to both (4, 2, 0) £ Q and (4, 0, 0) £+ Q
positions. Closed and open circles in k, 1 and m represent the
contributions of magnetic domains a and f, respectively. a.u.,
arbitrary units; exp., experiment; r.L.u., reciprocal lattice units;
cps, counts per second.
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Figure 4 Experimentally deduced magnetic structures for GdRu,Ge,. a-e, The magnetic structure m(r) for Phases I, II, III, IV and V for magnetic field

B | [001]

, reconstructed based on the resonant X-ray scattering experiment. The black arrows and background color represent the in-plane

and out-of-plane component of local magnetic moment m(r), respectively. f-j, Schematic illustration of spin textures in a-e.
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