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lattice constant (A)

Supplementary Figure 1 | Variation of lattice constant in MnSii-xGex. The lattice constant

is determined from powder x-ray diffraction patterns. The value of MnSi (x = 0) is
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reproduced from Supplementary Ref. 1.

Supplementary Figure 2 | Variation of magnetic transition temperature 7 in MnSii-

+Gey.
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Supplementary Figure 3 | Magnetization curves at various temperatures in MnSii-«Ge,.
a-l, The magnetization curve shows an inflection corresponding to the ferromagnetic transition

at the critical magnetic field Hc. Saturation magnetization Ms was defined as M at H. at the

lowest temperature 7= 2 K.
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Supplementary Figure 4 | Comparisons between theoretical and experimental estimations
of magnetization and strength of Dzyaloshinskii-Moriya interaction with varying lattice
constant. a, b, Estimated magnetization M (a) and Dzyaloshinskii-Moriya interaction (DMI)
D (b) by the band structure calculations with virtually changing the lattice constants @ of MnGe
(red dots and lines) and MnSi (blue dots and lines). The black dots with dashed lines represent
the experimental values of the saturation magnetization M; at 2 K (a) and an indicator of the
DMI strength, aTy/[A(Mg/2)(Mg/2 + 1)], under the assumption that the mangetic
modulation period A is given by the ratio of the ferromagnetic exchange interaction J to D

(A =aJ/D) (b) in MnSi;..Ge;. For the experimental estimation of DMI?, we employed the

following relation: Ty = % deduced from the Heisenberg Hamiltonian H =
B

— Y<ij>JSi - S; with the number of the nearest neighbor atoms zo. The blue, green and red
regions correspond to the experimentally-revealed magnetic phases of skyrmion lattice (SkL),
tetrahedral-4q hedgehog lattice (HL), and cubic-3q HL states in MnSii..Gex, respectively. In
panel a, the overall tendencies of M are consistent with each other: with increasing the lattice
constant a, M shows gradual increase in a = 4.3-4.5 A (theory), a = 4.56-4.61 A (experiment);
plateau structure in a = 4.5-4.6 A (theory), a = 4.63—4.71 A (experiment); steep increase in a

=4.6-4.7 A (theory), a = 4.73—4.80 A (experiment), despite the quantitative mismatch in a. As



shown in b, in contrast, the theoretical and experimental DMI show completely opposite
behaviours to each other: decreasing (theory) and increasing (experiment) profiles with
increasing the lattice constant a. This suggests that some other dominant mechanism(s) may

rule the magnetic modulation length in the Ge-rich region, as discussed in the main text.
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Supplementary Figure 5 | Variation of calculated total energy for MnGe with/without on-
site Coulomb repulsion U with varying lattice constant a and helical spin wavenumber ¢.
a, b, Helical-modulation-wavenumber ¢ (in the unit of 2m/a) dependence of total energy
estimated by the band structure calculations with U =0 eV (a) and U = 3 eV (b). The energy
minima are always realized around ¢ = 0 of the ferromagnetic state when U = 0 eV (a). With
taking into account U = 3 eV, the short-period helical state becomes more stable than the
ferromagnetic state when a is larger than 4.60 A, which may explain formation of the short-

period hedgehog-lattice states in MnSii.Gex.
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Supplementary Figure 6 | Wide-angle neutron scattering on MnSii-«Gex at zero magnetic
field. a-d, Powder neutron diffraction patterns obtained by using the wide-angle detector for x
= 0.2 (a), 0.4 (b), 0.6 (¢), 0.8 (d). The small colour bars indicate the position of estimated
satellite peaks qs = qn + q, which vary depending on the relative directions of nuclear and
magnetic modulations vectors a and q (Supplementary Ref. 4). Except for the case of x =0.2,
where the magnetic satellite peaks are buried in the nuclear reflections, we could assign the
direction of q fixed by magnetic anisotropy at zero magnetic field: <111> directions for x = 0.4
and 0.6; <100> directions for x = 0.8. The diffraction peaks shaded by gray are nuclear
reflections from impurity because they appear above the magnetic transition temperatures 7.

The error bars represent statistical error of one standard deviation.
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Supplementary Figure 7 | Magnetic phase diagram and small-angle neutron scattering
(SANS) patterns for MnSii-«Ge, (x = 0.2). a, Magnetic field dependence of the real part of ac
susceptibility measured at various temperatures for x = 0.2. The data are shifted by constant
values for clarity. The observed two kink structures, indicated by black arrows for each
temperature, correspond to the transition from helical to skyrmion phase and from skyrmion to
conical phase, respectively’. b, Magnetic phase diagram of MnSii.Ge. (x = 0.2), where the red
lines represent the skyrmion lattice (SkL) phase boundaries determined from ac susceptibility
as shown in a. The black line represents the ferromagnetic transition boundary. The blue
markers and black arrows show the points and process of the SANS measurement. ¢-1, SANS
patterns at various magnetic fields H at 4 K (¢-g) and at 25 K (h-l). The H-direction is indicated
by the white arrow in ¢-f, h-k. The elongated shape of the intensities for helical/conical state
may originate from scatterings from magnetic impurity, which are observed at Gimpurity =

0.0367 A~ (data not shown).
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Supplementary Figure 8 | Small-angle neutron scattering (SANS) experiment under
magnetic field (H) for x = 0.6. a-0, Magnetic-field (H) dependence of SANS intensity patterns
of x = 0.6 measured at 7= 2 K (a-e), 7= 50 K (f-j), 7= 60 K (k-0). The thick black arrows
represent the measurement sequences which correspond to the alphabetical order of the panel.
p-r, Azimuth-angle ¢ dependence of the SANS intensity shown in panel a-o. The definition of
@ is shown in panel a. The black triangles highlight the intensity peaks observed at p= +70 °
and +110 °. For T= 50 K and 60 K, these characteristic intensity peaks appear even at H = 0,

which is possibly caused by the rotation of multiple-q state by H. While the directions of g-



vectors are pinned along <111> crystal axes at H = 0 T, they are rotated by H in a way that one
of the g-vectors is flipped along H-direction and the other g-vectors are correspondingly rotated
as being dragged by the flipped g-vector. Once the rotation of the multiple-q state occurs, the
g-vectors do not return to their originally pinned directions and stay in the rotated directions
even after removing H, as long as the temperature is not raised much above the magnetic
transition temperature (Supplementary Ref. 5 & 6). Since the SANS measurement at T = 50 K
and 60 K are performed after the H-scan measurement at T = 2 K, the g-vectors are already in
the rotated directions, producing the characteristic intensity peaks even at H =0 T. Furthermore,
the partial alignment of the sample powder grains, being dragged by the alignment of the easy
axes of magnetization (magnetic modulation directions), can occur upon application of H,
which also contributes to the appearance of the characteristic SANS intensity peaks observed

atT=50Kand 60 KevenatH=0T.
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Supplementary Figure 9 | Small-angle neutron scattering (SANS) experiment under
magnetic field (H) for x = 0.8. a-e, SANS intensity patterns of x = 0.8 measured at 7=2 K
under H (1oH =0T - 4 T). The black arrows represent the measurement sequences. f, Azimuth-
angle ¢ dependence of the SANS intensity shown in panel b-e. The definition of ¢ is shown in

panel a. The black triangles highlight the intensity peaks observed at ¢ = +90 °.
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Supplementary Figure 10 | Magneto-resistivity in MnSii-«Gex (x =0, 0.2, 0.4, 0.6, 0.7, 0.8,
0.9 and 1). a, Temperature dependence of resistivity. b-i, Normalized magneto-resistivity p,,

measured at various temperatures.
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Supplementary Figure 11 | Hall resistivity in MnSii-«Gex (x = 0.4, 0.7 and 0.9). a-c, Hall
resistivity p,, measured at various temperatures (solid dots) along with the fitting curves
fit

pyx = RoH + RspZM (solid lines). d-f, Estimated topological Hall resistivity p;x. The data are

shifted by constant values for clarity.
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