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Supplementary Note. Spin texture in (anti-)trimerized triangular lattice antiferromagnet (TLAF)

As the spin dynamics of 7-YMnOjs can be well explained by the spin Hamiltonian without a trimerization effect!,
we did not consider trimerization in our model calculation. Haing said that, it is still worth investigating whether
trimerzation in 2-YMnOs gives noteworthy changes on the spin texture. Therefore, we examined the change of
spin texture due to (anti-)trimerzation by giving exchange interactions with different sizes to trimerized bonds
and anti-trimerized bonds, respectively. Based on the previous studies?? on the spin dynamics of 2-YMnO;, we

chose J> = 0.8/ (a trimerized case) and J>, = 1.2J; (an anti-trimerzed case).

Using the same procedure described in the Method of the main text, we calculated the canted ground state
due to a non-magnetic impurity with (anti-)trimerization (anti-)trimerized TLAF. Fig. S2 shows the canting
angle of spins |80 ()| as a function of the distance from the impurity site (#) on a logarithmic scale, both with
and without (anti-)trimerzation. The result demonstrates that the aspect of spin canting in (anti-)trimerized
TLAF remains similar to that in ideal TLAF at the intermediate region with little finite size effects (r<30).
Therefore, our model calculations without the trimeriation effect well represents the possible spin texture and

correspondsing spin dynamics in #-YMn,Al;Os.
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Fig.S1 | The normalized difference between the spin configuration with and without spin texture,
ie., Smnted Smo A gray arrow at the center denotes the net magnetic moment (-Sp) introduced
by a non-magnetic impurity. Spins on the same circle (A~C) has the similar canting direction (left or
right), which demonstrate the spatial structure of spin texture. Sites without a red arrow mean zero
spin canting. Note that magnitude of the net difference at each site is normalized to the identical
value for better demonstration.
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Fig.S2 | Distance dependence of the canting angle [§0(r)| in the spin texture around a vacancy for
an ideal (0), a trimerized (x) , and an anti-trimerized triangular lattice antiferromagnet (+). The red
line is a guided plot of the 1/r3 behavior. We used the notation of J; and J> same as those in refs.
1-3 of the supplementary information. The figure clearly shows that the spin texture of the
(anti-)trimerized case remains similar to that of an ideal triangular lattice.



Fig.S3 | X-ray diffraction patterns of a,b h-YMnO3, ¢,d h-YMngoAlo.1O3, and e,f h-YMng gsAlo.1503
single crystals mapped on the a=-b+*and b*-c+ planes of the reciprocal space.
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Fig.S4 | Instrumental resolution of the time-of-flight neutron spectrometers used in this study. A
solid black line denotes the instrumental resolution of the MAPS beamline with E;= 30 meV and a
Fermi chopper frequency of 350 Hz. Colored lines are the instrumental resolution of the 4SEASONS
beamline with E; = 6.8, 10, 16, 30, and 75 meV and a Fermi chopper frequency of 250 Hz when
using the repetition-rate multiplication method.
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Fig.S5 | INS spectra of a h-YMng 9Alp 103 (J-PARC), and b h-YMng gsAlo.1503 (J-PARC) measured at
5 K with the incident neutron energy of E; = 16 meV. The scattering intensity of the data was
integrated over the c*-axis. Having better instrumental resolution than the data in Fig. 2, these data
clearly show the severe broadening of the magnon modes at the zone boundary due to the doping,
which is in stark contrast to the robustness of the magnon modes near the zone center (C point).
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Fig.S6 | Data integration effects along the c*-axis for h-YMng 9Alo.1Os. a-b, Histograms showing the
individual momentum transfer of the detector counts included in the const-Q cuts ata [0, 0.3]and b
[0.4, 0.5] (r.l.u.). They were used to consider the intensity integration along the c*-axis in the
calculation. c¢-d, Const-Q cuts at [0, 0.3] and [0.4, 0.5] (r.l.u.), and the calculated spin-wave spectra
with (solid red lines) and without (solid blue lines) the data integration effect along the c*-axis.
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Fig.S7 | Theoretically calculated INS cross-sections of h-YMn1.,AlO3 with (a right panel) and without
(a left panel) the instrumental resolution convolution. The color plots without the resolution
convolution clearly show the intrinsic linewidth of magnon modes as well as the downward shift of
the magnon dispersion along the A-B line. Note that the calculations in this figure do not include the
data integration effect along the c*axis.
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Fig.S8 | a-c, Constant-Q cuts of the theoretically calculated INS cross-sections for h-YMn1.,AlOs3
at the C point (left) and the B point (right). Thin lines are the calculated INS cross-sections from 40
replicas with random impurities (see Methods), which were used to calculate the ensemble average
of the INS cross-sections. Red thick lines are the ensemble-averaged INS cross-sections of the 40
replicas. Comparing the results at the C point and the B point clearly show that the broadening
effect under the doping is strongly Q-dependent. Note that the calculations in this figure do not
include the data integration effect along the c*axis.
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Fig.S9 | (Left) Calculated dynamical structure factor along the high symmetric lines in a diluted
square lattice antiferromagnet with different amounts of doping. (Right) Constant Q-cuts of the results
in the left panels at the X point.
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Fig.810 | Selective vulnerability of the 5 meV magnon mode to the nonmagnetic impurity. a, A
snapshot of the real-space spin precession for the 5 meV magnon mode at the C point. b, Spin
canting due to the partial relief of the geometrical frustration by a nonmagnetic impurity (the same
figure as Fig. 1a in the main text). Comparison between a and b shows the coincidence between
the spin precession of the 5 meV mode and the spin canting due to the impurity. c¢-j, Doping
dependence of the spin-wave spectra without considering the spin texture. k, Constant-Q cuts of
the calculation results in c-j at the C point, which demonstrates that the 5 meV mode (the red arrow)
undergoes a significant change under the doping. Note that the calculations in this figure do not
include the data integration effect along the c*axis.
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