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Method: hyperspace representation

* Four topologically nontrivial states with N,, = 8, 16, 32, and 48 and five states with N, = 8, 16, 24, 32, and 48 appear in the chiral and nonchiral cases, respectively.

G The phase degree of freedom in superpositions of N waves in d-dimensional space can be systematically treated _ _ _ : : _ 9 ° Py _
by introducing the N-dimensional hyperspace S N o 2 0 O » The pair creation and fusion of hedgehogs and antihedgehogs are caused while changing the magnetization when == < ¢ < — In the chiral case.
(r) o< 2, =1 €y co8 Qy +e;sin Qy + m | | - —b, takes the maximum value 2 at (m, @) = (,/2/3, 7).
: : : | analogy wi « The fusion is caused for all @ in the nonchiral case. —b, changes the sign while changing m and takes the maximum value 2 at (m, ®) = (/1/3, n).
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P L W’s a2 D S0« The nonchiral 3Q-SkL with |Ng, | = 2 changes into the SKL with |Ng.| = 1 by an external magnetic field in Refs. [5,6], which can be related to the phase shift.
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Qn =dy T+ oy ' phagesg U e To realize the topological phases with higher density of topological defects, the mechanism to fix the phase at ¢ ~ m is needed, which was discussed in Ref. [7].
sum of phases is important = 2D crystal structures * Important features to distinguish the nonchiral 4Q-HL from the chiral one:
W Lg=p +ps+ 3 | — the sign change of —b, while increasing m and widespread presence of topological phases with large N,
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Ny =1 Y Ny =0 skyrmion number Ny, = —1 I c A drz_istlc change of the emerger_lt magnetic field is expecte_d near the points with the pair gnnlhllatlon of the hedgehogs anc! antlhedgehogs. |
roiection _ _ i « Possible probes of the phase shift: Lorentz TEM, topological Hall measurement, topological Nernst measurement, dynamics of topological objects, etc.
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We Investigated the phase degree of freedom in the multiple-Q spin structures.
1. We established the theoretical framework based on the hyperspace representation to treat the phases systematically.
2. We applied it to the chiral and nonchiral 3Q-SkLs and clarified how the spin textures and the topological properties are

changed by modulating the phases and the magnetization.
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X Y Quasicrystals can be represented ) ) ] ] o ] ] ] ] ]
by crystal structures on the lices 3. We also applied it to the chiral and nonchiral 4Q-HLs and clarified the detailed evolution of topological defects and the emergent magnetic field.
0 per crystal structures. )
, S Perspectives
« Spin configurations on the horizontal slices of the HL comprise the SKLs with specific phases. | = . . . . . . . . . .
@ P : J : P . : X p_ Dimension of physical space is smaller  demonstration and the microscopic mechanism of the phase shift in the multiple-Q spin textures (K. Shimizu et al., in preparation.)
~/ + \We can discuss not only the magnetic textures but also the topological properties by tracing than the number of orimiti . . . . . -
S the hedaeh tinedaeh d the Di " - the h anl € number of primitive * a change of electronic states and the emergent phenomena associated with the phase shift and the topological phase transitions
€ NEGgENOgs, antinedgenogs, and the Lirac stings 1n the Nyperspace. transiation vectors. » spin wave excitations and dynamics of the skyrmions, and hedgehogs and antihedgehogs for different phases
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