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Megahertz dynamics in skyrmion systems probed with muon-spin relaxation
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We present longitudinal-field muon-spin relaxation (LF ©SR) measurements on two systems that stabilize a
skyrmion lattice (SkL): Cu,0SeOs3, and Co,Zn,Mny,_,_, for (x, y) = (10, 10), (8, 9), and (8, 8). We find that the
SkL phase of Cu,0SeO; exhibits emergent dynamic behavior at megahertz frequencies, likely due to collective
excitations, allowing the SkL to be identified from the ©SR response. From measurements following different
cooling protocols and calculations of the muon stopping site, we suggest that the metastable SkL is not the
majority phase throughout the bulk of this material at the fields and temperatures where it is often observed. The
dynamics of bulk CogZngMn; are well described by ~2 GHz excitations that reduce in frequency near the critical
temperature, while in CogZngMn, we observe similar behavior over a wide range of temperatures, implying that

dynamics of this kind persist beyond the SkL phase.
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I. INTRODUCTION

The skyrmion has received the attention of much recent
research [1,2] due to its potential for future spintronic appli-
cations [3,4]. Several mechanisms can lead to the stabilization
of a skyrmion spin texture, with examples in thin films,
multilayer stacks, and bulk materials [1,2]; the region of
stability of the skyrmion phase in the B-T phase diagram
is quite different in different systems (Fig. 1) [5-17]. For
applications it is important to understand the spin dynamics
of skyrmions, which are most commonly studied in systems
which host a skyrmion lattice (SkL). Originally detected using
microwave spectroscopy techniques in Cu,OSeO; [18], three
modes in the GHz regime are identified as excitations of
the Bloch skyrmion: counterclockwise, breathing, and clock-
wise modes [19]. In addition, some SkL-hosting materials
show other collective excitations, e.g., THz excitations in
Cu,0Se03; due to spin excitations in high-energy magnon
bands [20-23].

In general, ordered magnets host diffusive and propagating
magnetic excitations; we therefore expect excitations over a
wide range of frequencies. Despite this, there are few re-
ports on the excitation spectra of SkL-hosting materials in
the MHz regime. One technique that can probe this regime,
which is sensitive to dynamics of the internal magnetic field,
is longitudinal-field muon-spin relaxation (LF ©SR). LF uSR
is a technique with a unique time window, sensitive to dy-
namics between approximately 10 kHz and 1 THz [24]. It has
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been applied previously to exponentially correlated fluctua-
tions of the dense array of moments found in typical magnetic
materials [24] and to more complex dynamic behavior such
as diffusive and ballistic transport in spin chains [25,26],
correlated fluctuations in metallic ferromagnets [27], and
soliton motion in polymers [28]. However, only a handful
of results have been reported where LF pSR is used to
study the skyrmion lattice (SkL). Studied systems include
Cuy—,Zn,0SeO3 [29] (which hosts Bloch skyrmions) and
GaV,4Sg_,Se, [30,31] (which hosts Néel skyrmions). Similar
behavior is observed in these materials, with an enhanced
and broadened peak in the muon-spin relaxation rate found
at temperatures just below the critical temperature 7; at those
external magnetic fields that stabilize the SkL.

Here we investigate the LF SR response in two materials
that host a Bloch SkL. We study two different systems with
contrasting crystal symmetries in which the noncentrosym-
metric crystal structure leads to a bulk Dzyaloshinskii-Moriya
interaction, thus stabilizing the SkL through competition with
symmetric exchange. The first is Cu,OSeOs [8], an insulat-
ing, multiferroic ferrimagnet which crystallizes in the P2;3
structure. The stability and extent of the skyrmion lattice
in Cu;OSeO; can be controlled both with an externally
applied electric field (E field) [32] and through chemical
substitution of the magnetic Cu ions [33]. The second is
Co,ZnyMnyo_,_, [9], which is a metallic system with the
B-Mn structure, known for its chemical substitutional site
disorder. The magnetic properties of the system change sig-
nificantly with x and y, and the series is of particular interest
in those compositions that host a SkL. above room tempera-
ture. In both systems we are able to use muons to observe
a dynamic response on the MHz timescale that is unique to
fields which stabilize the SkL.

The paper is structured as follows: in Sec. II we de-
scribe the experimental and analytical procedures used; in

©2021 American Physical Society
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FIG. 1. Skyrmion phase diagram of bulk materials. Stabiliza-
tion of the skyrmion phase occurs through various mechanisms:
(i) competition between the exchange and Dzyaloshinskii-Moriya
interactions, leading to a Bloch (orange) or Néel (blue) skyrmion
lattice, (ii) competition between exchange and uniaxial anisotropy
(green), (iii) geometric frustration from the interplay of Ruderman-
Kittel-Kasuya-Yosida (RKKY) and four-spin interactions (purple).
Phase boundaries are taken from Refs. [5-17].

Sec. III we first probe Cu,0SeO; with uSR and ana-
lyze the results with support from density functional theory
(DFT) calculations of the muon stopping site, before turn-
ing to Co,Zn,Mnyy_,_,, where we present muon stopping
site calculations and investigate three different composi-
tions. Additional details can be found in the Supplemental
Material [34].

II. EXPERIMENT

Cu,0SeO; samples were synthesized as detailed in
Ref. [29], and polycrystalline Co,ZnyMnyy_,_, boules were
synthesized as detailed in the Supplemental Material [34].
In a LF uSR experiment spin-polarized positive muons are
implanted in a sample in the presence of an external mag-
netic field parallel to the initial muon-spin direction [34,35].
Implanted muons interact with the local magnetic field at the
muon site, which is a sum of the external and internal fields.
By measuring the decay of the polarization of the spin of the
muon ensemble, one reveals information about both the static
and dynamic properties of the local magnetism at the muon
site. In the fast-fluctuation regime, typical for an ordered
magnet, this relaxation is exponential with a relaxation rate

N 2A% )
Cwg v M
where v is the characteristic frequency of the field fluctua-
tions, A = y,,/(B?) is the amplitude of the field fluctuations,
and wy = y, Bex 1s the precession frequency of a muon with
gyromagnetic ratio y, = 27 x135.5 MHz T~! in the external

field Be. The fluctuations themselves can be described
by a spectral density J(w), which represents the Fourier
transform of the autocorrelation function of the magnetic
field at the muon site(s). In cases where J(w) is broad in
frequency, the muon spin polarization will be most effectively
relaxed by the part of the spectral density at frequencies
close to wy = ¥, Bex, Which typically lies in the MHz regime
for values of By applied in our measurements. Detailed
information on the experimental procedures employed in this
paper can be found in the Supplemental Material [34,36-38].

III. RESULTS AND DISCUSSION
A. ClleSCO:,

LF SR measurements on a mosaic of single-crystals of
Cu,0S5e0; were performed upon warming, after cooling in
zero applied magnetic field (ZFC). Temperature scans were
performed at By = 22 mT, which stabilizes the SkL state
between ~56 K and ~58 K, and at B = 40 mT, which does
not stabilize a SKL at any temperature [Fig. 2(a)]. Example
spectra are shown in Fig. 2(b), where the asymmetry decays
monotonically, with an exponential decay typical of relaxation
due to the dynamics of a dense array of fluctuating local
moments. The spectra are well described at all measured
temperatures using a relaxation function

A(t) = are™ + ay, 2

where the component with amplitude a, captures the contri-
bution from muons stopping in the sample with their spin
initially aligned along the local magnetic field, and the base-
line amplitude ay, accounts for muons that stop outside of the
sample or at positions in the material where a fluctuating field
does not dephase them. The relaxing amplitude a, increases
as the temperature is raised through the ordering temperature
T.. To model this, we constrain a, to

ar = al + L[1 + e "7 3)

where @’ is the relaxing amplitude for T < T, L is difference
between the maximum and minimum relaxing amplitude, and
k is a parameter which defines the rate of increase of a; around
T.. This allows us to extract T; independently of A. (Extracted
values of T agree well with those from AC susceptibility.)
There is no temperature dependence to ay, leaving only A
[Fig. 2(c)] varying in our fits.

There are striking differences in the behavior of A between
the two temperature scans. On scanning through the fields
in the B-T phase diagram where the SkL is realized, A is
significantly enhanced at those temperatures where the SkL
phase is found, resulting in a broad shoulder above 56.5 K
that terminates in a peak on the high temperature side. No
such enhancement is observed at higher fields. This indicates
significantly enhanced J(w) around wy = 2w x3 MHz in the
SkL phase and is similar to the behavior previously reported
for both the Bloch and Néel-type SkL [29,31]. Therefore, we
conclude that LF uSR has a characteristic response to the
SKL, specifically an increase in relaxation rate compared to
the surrounding magnetic phases.

As variation in the amplitude of the fluctuating field A/y,,
is likely to follow the magnetization, the variation in A likely
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FIG. 2. (a) Phase diagram of Cu,0SeOs3, showing conical (C),
helical (H), and skyrmion (S) phases, reproduced from Ref. [29].
Orange color: fields at which the SKL is stabilized; blue: fields which
only stabilize C order below 7.; and pink: H order. (b) Example LF
uSR spectra for Cu,0SeO; measured in B =22 mT. For clarity,
some data are shown with vertical offsets. (c) Extracted values of A.
(d) Simulations of contributions to A due to (1) critical slowing down
of magnetic fluctuations near 7T; (black solid line); (2) reduction in
frequency of GHz spectral density (orange solid line). The orange
dashed line indicates the value of A one would obtain if the SKL was
stabilized at those temperatures. Vertical dashed lines indicate the
location of the SKL at 22 mT from AC susceptibility. (e) Extracted
values of A from a field scan at T = 56.7 K, with (f) accompanying
baseline amplitude (the solid line is a guide to the eye). Dashed lines
indicate the location of the SKL at 56.7 K.

results from the temperature dependence of v, and could re-
flect (1) critical slowing down of the magnetic fluctuations
near T, typical of a second-order phase transition; (2) reduc-
tion in frequency of the skyrmion excitation modes near 7¢;
(3) other collective dynamics of the system occurring on the
MHz timescale.

(1) Above T, the relaxation rate XA is well described by
power-law behavior [39] typical of critical fluctuations in a
three-dimensional (3D) Heisenberg magnet [40-43] with a
fluctuation time 1/v o |T — To|™*" with w’ = 0.709, typical
for a 3D Heisenberg magnet. Below T the same critical pa-
rameters do not account for A, which should show a sharp rise
very close to T [Fig. 2(d)].

(2) The skyrmion rotational and breathing modes are ex-
pected to broaden and decrease in frequency (or soften) as
T approaches T. from below (see, for example, Ref. [33]),
contributing to the spectral weight J(w) centered around wy =
VuBext (2 x3 MHz at our value B). Assuming that the time-
dependent magnetization that results from skyrmion modes
determines the relaxation, we can use typical exponents for a
3D Heisenberg model to predict

0.73
_203w[1 = (/T (1 = T/T)'®
V2B + v (1 = T/T)*™

ext

A

“

Cu,0Se0; exhibits its lowest frequency skyrmion mode
(counterclockwise rotational) at vy = 2.3 GHz [44], giving
the behavior shown in Fig. 2(d), which does not describe the
measured data. Note that vy = 10-20 GHz would be a better
match to the data, but this is at least a factor of 3—4 higher than
the three lowest energy modes of the SkL in Cu,0SeO; [44],
but too low in frequency to be the THz excitations previously
observed.

(3) Alternatively, A could reflect the occurrence of other
low-energy, collective excitations emerging from the SkL in-
volving individual skyrmions or from motion of the SKL (e.g.,
diffusive excitations resulting when the SkL. undergoes col-
lective motion, or where individual skyrmions are created or
destroyed). This is plausible given that diffusive dynamics for
single skyrmions [45,46] typically occur in the GHz regime,
while the motion of Bloch points along skyrmion tubes are
likely to occur at MHz frequencies. It could also be that A
increases near the transition owing to rapid changes in width
of the local field distribution at the muon sites. In each of these
cases a change in the distribution of skyrmions in the SkL is
required.

To further investigate the response to the SkL, LF uSR
measurements were also made as a function of increasing
applied magnetic field B at fixed temperature 7 = 56.7 K after
ZFC. These data are also well described by Eq. (2), with a
field-independent amplitude a, and a baseline a;, that increases
with B, as is often observed in LF uSR. We again observe
enhanced values of A in the SkL phase, along with discon-
tinuous behavior in ap marking the transitions in and out of
the SkL phase [Figs. 2(e) and 2(f)], providing another method
of identifying the SKkL phase boundaries. A likely explanation
of the observed behavior comes from demagnetization effects,
which are known to cause the magnetic transition in and out of
the SkL state to occur at slightly different fields for different
parts of the sample [47]. This leads to increased disorder in the
field distribution at the muon sites, resulting in fewer muons
stopping with their spin parallel to the local field, and hence
dephasing too rapidly to be observed resulting in a loss of the
total, and hence baseline, asymmetry.

‘We now discuss the internal field distribution, muon sites,
and the possibility of observing metastable skyrmions in
Cu,0Se0;. We performed TF SR measurements on a sin-
gle crystal of Cu,0SeO; after ZFC and rapid cooling in an
applied field (FC) (=17 K/minute). This rapid FC is expected
to stabilize metastable skyrmions at temperatures that host a
conical phase for ZFC [33]. TF measurements are sensitive to
the static internal magnetic field distribution of the sample at
the muon sites, and has been shown to be sensitive to changes
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FIG. 3. Internal magnetic field distributions [S(B)] of Cu,0SeO;
at various T measured by TF uSR for By, = 22 mT, with compari-
son to simulations. Black lines: measurements performed after ZFC;
red lines: after rapid FC (&17 K/minute); solid color: simulated
distributions for different spin structures.

in the magnetic state in this material [48]. Internal field dis-
tributions derived from TF measurements measured after both
ZFC and rapid FC are compared in Fig. 3 in an applied field
of 22 mT. There is a characteristic change in distributions for
the different magnetic states [48], which are observed after
both field protocols, but no significant difference is observed
between the two protocols, suggesting that the local field
distribution is similar in both cases. (The peak observed at
22 mT at all temperatures occurs from muons stopping outside
of the sample and precessing in the applied field.)

To model magnetic field distributions for the ordered
states in Cu,OSeO3, muon stopping sites were determined
using DFT methods to relax the structure with an implan-
ted muon [34,49-52]. We find different sites than those iden-
tified in Ref. [53], which were determined by finding the
minima of the unperturbed electrostatic potential in the crystal
with no muon present. Our three distinct sites (of which only
the two lowest energy are found to be occupied) are shown
in Table I, with simulated field distributions at the muon
sites shown in Fig. 3 (for further details see [34,48,54-57]).
The simulations describe the experimental results reasonably
well, with the worst match being for the SkL where, with
increasing field, the rapid increase followed by slow decrease
of spectral weight is captured, but the absolute values do
not agree closely. The good match between simulation and
experiment in the helical and conical states shows that the
static magnetism in these phases is sufficient to describe the

TABLE I. Calculated muon stopping sites in Cu,OSeO;. Ener-
gies are given relative to the lowest energy site.

Muon site Fractional coordinates Energy (eV)

1 (0.906, 0.590, 0.100) 0.00
(0.172, 0.365, 0.319) 0.09

3 (0.224, 0.670, 0.289) 0.15

response on the muon timescale. The greater discrepancy be-
tween simulation and experiment in the SkL state provides
further evidence, independently of the LF uSR, that there
is a significant dynamic effect on the muon timescale which
affects the internal magnetic field distribution of the sample.
The lack of difference in the distributions observed after ZFC
and FC protocols indicates that the metastable SkL is not the
majority phase through the entire sample [34]. This could
suggest that the metastable SkL is more likely to exist in
particular parts of a sample, such as sample edges or defects.
A propensity for skyrmions to form near surfaces would also
explain the lack of any muon signal, since the muons penetrate
several microns into the sample in the measurements.

Another potential way to manipulate the SkL density in
Cu,08Se0; is through the application of an E field whose
orientation and magnitude causes the SkL phase to exist
over different 7 ranges [32]. We performed LF uSR on a
polycrystalline pellet of Cu,OSeO; with an E field applied
parallel/antiparallel to the externally applied magnetic field
Bext [34]. Similarly, we find that in those cases where the SkLL
is not the majority phase its dynamic signature is not resolved,
making it likely that ;SR is sensitive to the SkL in this system
only when it is the majority volume phase.

B. Co.Zn,Mny_,_,

We now turn to the Co,Zn,Mnyy_,_, system with
(x,y) = (10, 10), (8, 9), and (8, 8). Some members of the
Co,Zn,Mnyo_,_, series host a SKL at or above room tem-
perature, making the series potentially favorable for future
applications. However, crystallographic site disorder inherent
in these materials presents challenges, such as the broadening,
both in temperature and applied field, of the magnetic tran-
sitions due to locally different crystallographic environments
throughout the sample, and dramatic effects on 7; with rela-
tively subtle changes in composition [58]. By studying these
three materials we can consider the effect of increasing site
disorder (which mainly occurs on the 12d Wyckoff site) on the
magnetism. The level of disorder increases with decreasing y
until, once y < 7, a spin glass ground state is realized [59].
Here we study the regime where the system remains magneti-
cally ordered.

The muon stopping sites in Coj9Zn;g, CogZngMns, and
CogZngMn, were calculated using DFT [34], with results
presented in Table II. The environment of the muon affects
its energy, so, due to the significant site disorder, each site has
a range of energies (depending on the atoms near the site for
the particular simulated structure). This will affect which sites
are occupied.

We first consider the LF uSR response of the par-
ent compound, CojyZnjg, which has not been reported to
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TABLE II. Calculated muon stopping sites in Co,Zn,Mnyy__,.
Typical energies of the site are given relative to the lowest energy
site. The ranges reflect the fact that the local environment of each
site affects the energy. For sites 2 and 3 the energy ranges only apply
for 20% Mn concentration and below; above this concentration the
sites are not realized in the calculations.

Muon site Fractional coordinates Typical energy range (eV)
1 (0.179, 0.571, 0.319) 0.00-0.98
2 (0.344, 0.398, 0.337) 0.31-1.03
3 (0.426, 0.568, 0.073) 0.42-0.97

stabilize a SkL.. Exponential decay of the asymmetry is seen
at all measured temperatures and magnetic fields. A weak,
temperature-independent relaxation is observed on the base-
line with a rate consistent with Ag [Ap, = 0.0026(2) us~'].
The data are fitted to the function

A@t) = are™ + ape ™. 3)

The relaxing amplitude is again constrained to follow Eq. (3)
and the resulting relaxation rate X is shown in Fig. 4(a). We
find that measurements at two longitudinal fields have similar
temperature dependence, with the overall shape of A reminis-
cent of that measured for Cu,0SeOs; at 40 mT [Fig. 2(c)], i.e.,
outside the skyrmion phase, where there is also a transition
from the conical to paramagnetic phase. There is no evidence
for any additional dynamics at either field, with the sharp
peak likely occurring due to critical slowing down of the
magnetic fluctuations as the phase transition from the conical
to paramagnetic phase is approached [cf. Fig. 2(d)].

Next we discuss CogZngMnj3, a composition which can sta-
bilize not only a SkL, but also a meron-antimeron spin texture.
Both of these textures have been observed in thin plates [60],
with evidence for the SkL in the bulk consisting of magnetiza-
tion and magnetic entropy measurements [58]. We made mea-
surements in two applied fields: Bexx = 10 mT, which stabi-
lizes a SKL just below T in bulk samples (321 < T < 326 K),
and 18 mT, which gives a field-polarized magnetic state. The
spectra decay exponentially at all temperatures and fields and
are fitted using the same method as above, with A shown in

CoygZnyg CogZngMns
5 T T T T T 2.0 7 T
= 10 mT E: (a) * 10 mT
4" 18 mT ! B 18 mT
| 15 -
|
7T 1
2 b 2ot R
~< 2 F [] : 4 =< $ ¢
|
L ; B . | 05+ B
. -
0 - Il Il Il Il : s 0.0 Il Il
300 350 400 450 500 250 275 300 325 350
T (K) T (K)

FIG. 4. Extracted values of A from fitting LF ;SR measurements
of (a) Coj9Zn;o and (b) CogZnyMnj3. The dashed lines indicate the
average value of 7; in each sample according to the relaxing ampli-
tude. Fits in (b) are described in the main text.

Fig. 4(b). The temperature dependence of A is different from
that found in Co9Znjg: the peak for CogZngMnj is signifi-
cantly broadened with the peak in A occurring significantly
below the obtained T, with similar behavior seen at both a
field that is expected to stabilize the SkLL and one that is not.
The relaxation rate A at both fields is well described by Eq. (4)
involving coupling to GHz excitations; although we assume
3D Heisenberg scaling parameters, the result is robust with a
different choice of parameters. Further, critical behaviors of
both A and v are required to well describe the data; critical
behavior of one parameter alone cannot describe these data.
The fits shown in Fig. 4(b) suggest Ar_o >~ 0.01-0.02 mT and
vr—o =~ 2 GHz, so that this frequency can be identified
with the characteristic excitations in this regime. The fitted
frequency is very similar to those found for other SkL sys-
tems [44] and suggests that there are dynamics occurring
over a range of fields with spectral weight that decreases in
frequency with increasing temperature, passing through the
frequency range that SR is sensitive to just below 7. The fits
to the model are best above T >~ 280 K, which is far greater
in extent than the reported stability region of the SkL in bulk
samples, but where the SkL. and meron-antimeron states are
reported in thin plates [60]. The wide range of fields over
which we detect enhanced dynamics in these bulk samples and
the contrast in the extent of the SkL in plates might therefore
suggest that the decisive mechanism determining the extent of
the phase diagram in the thin plate samples of CogZngMnj is
confinement.

We now turn to CogZngMny, which hosts a Sk around
room temperature, as shown in Fig. 5(a) [11], with the exact
location of the SkL phase dependent on the precise level
of Mn present. LF SR measurements on sample 1 again
show exponential relaxation. The same fitting procedure is
employed as above, with A shown in Fig. 5(c). At Bexy = 8 mT,
which is not expected to cut through the SkL, the peak in
A looks typical of previous measurements that do not cut
through the SkL, although the peak is well below T;. The
behavior at 26 mT (which does cut through the SkL) is more
unusual, with a flattened, broad maximum, and enhanced
values of A observed over a range of temperatures. The sup-
pressed peak at T; is consistent with different grains of the
sample undergoing a transition at slightly different temper-
atures, caused by slightly varied compositions across parts
of the sample. (Mn metal has considerable vapor pressure at
1025 °C, meaning that Mn can migrate toward the surface
of the melt during sample synthesis, forming a gradient in
composition as observed in Ni,MnGa [61].)

We find that the enhanced relaxation rate in CogZngMny
is found at those fields that stabilize the SkL in the B-T
phase diagram, even at temperatures lower than those that
stabilize the SKL state. It is notable both that similar behav-
ior is seen in lightly substituted GaV4Ss_,Se, [31] and that
individual skyrmion formation has been reported in MnSi
above T. at those fields that stabilize the SKL [62]. These
three systems, all crystallographically distinct (and, in the case
of GaV4Sg_,Se,, hosting a different type of skyrmion), all
therefore suggest that the important parameter for skyrmion
creation in the Hamiltonian is the applied field, with, as is the
current consensus [1,2], thermal fluctuations stabilizing the
SkL phase.
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FIG. 5. (a) Representative phase diagram of CogZngMny, show-
ing helical (H), conical (C), and skyrmion lattice (S) phases, as well
as a region of coexistence [11]. (b) AC susceptibility measurements
at 250 K after ZFC and FC (in 15 mT) on one sample of CogZngMn,,
indicating a metastable SkL after FC. Fields measured with ©SR in
(d) and Fig. S5 are indicated with dashed lines. (c) and (d) Relaxation
rate A from LF SR measurements on two different samples, with 7.
indicated. In (d) different field protocols are employed.

Finally we consider the effect of a FC protocol in
CogZngMng, which is expected to stabilize a metastable SkL.
over a wide range of temperature. For these measurements we
used a different polycrystalline boule (sample 2). To confirm
the existence of the metastable SkL, AC susceptibility mea-
surements were performed and are presented in Fig. 5(b); the
suppression of x’, typical of the SKkL, is seen over a wide range
of fields when employing a FC protocol. LF ©SR measure-
ments were performed after both ZFC and FC protocols, with
A shown in Fig. 5(d). The higher value of T is likely obtained
due to a subtly different composition of sample 2 compared
to sample 1 used for these measurements (specifically, we
expect that sample 2 is Mn deficient, with the differences
between samples likely occurring due to the different dwell
times during synthesis as previously discussed).

The data measured at Bex = 60 mT (see Supplemental
Material [34]) show a peak in A, typical of those scans that do
not cut through the SkL.. At 20 mT, where a SkL is formed just
below T, similar behavior is seen as was found in Fig. 5(c),
with a suppressed, flattened peak at 7. for both field proto-
cols. There is, however, an enhanced response in A at low

T for FC compared to ZFC, suggesting that the stabilization
of a metastable SkL is affecting the dynamics we observe.
Although this contrasts with the results seen for Cu,0SeOs, it
is consistent with the expected higher stability, and hence in-
creased volume, of the metastable SkL in CogZngMny [11,33].
This matches the picture where site disorder allows dynamics
similar to those observed in the SKL to persist to lower tem-
peratures, as is the case in GaV4Sg_,Se, [31]. In this case,
stabilization of the metastable SkL likely make the dynamics
more prominent, leading to the enhanced X observed.

IV. CONCLUSION

In Cu,;0SeO03 high statistics LF SR measurements reveal
complex behavior in the SkL phase, possibly reflecting diffu-
sive excitations of the skyrmion state, either through collective
motion or the creation or annihilation of skyrmions. Through
TF SR measurements and calculation of the muon stopping
sites in CuyOSeO; we suggest that the metastable SkL is
unlikely to be found throughout the entire sample, and we
suggest that it may be more stable at boundaries and surfaces.

A range of behavior is observed in Co,Zn,Mny_,_,. We
have shown that there are MHz dynamics in CogZnoMnj3,
regardless of whether the field stabilizes a SkL, that can be
well described by a model involving coupling to ~2 GHz
excitations whose frequency drops near 7T;. In CogZngMny
we have shown evidence for enhanced dynamics over a wide
range of temperatures when the external field is one that
stabilizes the SkL. Stabilization of a metastable SkL enhances
these dynamics, likely due to a greater proportion of muons
being sensitive to SKkL effects. Identifying the precise source
of these MHz dynamics in SkL systems, now observed in
multiple materials, should be an avenue for future research.

Research data from this paper will be made available via
Durham Collections [63].
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