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Optical creation and annihilation of skyrmion patches in a chiral magnet
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A key challenge for the realization of future skyrmion devices comprises the controlled creation, anni-
hilation, and detection of these topologically nontrivial magnetic textures. In this study, we report an all-
optical approach for writing, deleting, and reading skyrmions in the chiral magnet Fe( 75Cog25Si based on
thermal quenching. Using focused femtosecond laser pulses, patches of a thermally metastable skyrmion
lattice state are created and annihilated locally, demonstrating unprecedented control of skyrmions in chi-
ral magnets. The skyrmion state is read out by analyzing the microwave spin excitations in time-resolved
magneto-optical Kerr effect measurements. Extracting the magnetic field and laser-fluence dependence,
we find well-separated magnetic field regimes and different laser-fluence thresholds for the laser-induced
creation and annihilation of skyrmions. The all-optical skyrmion control, as established in this study for
a model system, represents a promising and energy-efficient approach for the realization of skyrmions as

magnetic bits in future storage devices, reminiscent of magneto-optical storage devices in the past.
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The formation of skyrmions, i.e., nanometer-sized
magnetic whirls, from a topologically trivial magnetic
state requires topological winding to build up the
skyrmion’s inherent structure. Consequently, once formed,
skyrmions tend to be remarkably robust, as character-
ized by long characteristic time scales for skyrmion
unwinding [1]. In chiral magnets, skyrmions are typ-
ically observed as an equilibrium state within a nar-
row parameter range of the magnetic phase diagram at
temperatures just below the onset of long-ranged mag-
netic order [2], where they align in a hexagonal lat-
tice [3]. However, the large characteristic time scales
for skyrmion unwinding allow creation of a metastable
skyrmion lattice state (MSKL) across larger parts of
the phase diagram by thermal quenching [4—13]. Most
notably, recent studies on thin lamellas of chiral magnets
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demonstrated the creation and even the annihilation of
MSKL through the uniform irradiation with femtosecond
(fs) laser pulses [14,15], using a laser-beam diameter sig-
nificantly larger than the sample size. The MSkL forms
predominately at defects and the sample edges [14], result-
ing in either the coexistence of MSkL with the equilibrium
state [14] or the formation of a uniform MSKL [15], both
extending over the entire lamella. The laser-induced cre-
ation [16-21] and annihilation [17] of skyrmions has been
accomplished also in ferromagnetic multilayer systems, in
which single skyrmions or multiple unordered skyrmions
are formed. These observations establish that laser light
can trigger topological winding or unwinding processes
and, thus, topological phase transitions, promising for fast
and energy-efficient [22] all-optical skyrmion devices fea-
turing optical writing, deleting, and reading operations. So
far, however, the laser-induced creation and annihilation
of skyrmions has not been combined with optical readout
techniques.

© 2024 American Physical Society
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In this paper, we demonstrate the all-optical manipu-
lation of a spatially confined MSKL in the chiral magnet
Fe75C0025S1. By local irradiation of the sample with
fs laser pulses, employing a laser-beam diameter much
smaller than the sample size, the magnetic state of the
chiral magnet is controlled locally, most notably, a patch
of MSKL embedded in the equilibrium conical phase
is created or annihilated. We systematically track the
MSKL patch in time-resolved magneto-optical Kerr effect
(TR-MOKE) measurements, establishing an optical read-
out technique. We find laser-induced MSKL creation and
annihilation in distinct and well-separated magnetic field
regimes for different laser-fluence thresholds, reflecting the
temperature regimes for the stabilization and destabiliza-
tion of the MSKL. Overall, this study demonstrates the
feasibility of all-optical skyrmion read-write-delete oper-
ations within a single experimental framework, promising
potential for applications in fields such as data storage
[23-25], microwave [26,27], or neuromorphic computing
[28-31].

We accomplish laser-induced creation and annihilation
of a MSKL patch on a bulk sample of the chiral magnet
Fey75Co0.25Si1. This material exhibits the generic magnetic
phase diagram of cubic chiral magnets [5], displayed in
Fig. 1(a). While being a paramagnet (PM) for temperatures
above the ordering temperature 7, = 39 K, magnetic order
sets in for ' < T, comprising long-range helimagnetism
(H), conical order, and a field-aligned (FA) state under
increasing magnetic field [32]. Note, that in the doped
semiconductor Fe;_,Co,Si the helical phase is only sta-
bilized, when the phase regime of the conical phase is not
crossed during cooldown [32]. This condition is satisfied
during zero-field cooling (cooldown at uoH = 0 T). Oth-
erwise, the conical phase persists down to zero magnetic
fields. Of note, in a limited temperature and magnetic field
range just below 7., a hexagonal lattice of skyrmions (SkL)
[3] is observed. Previous studies [4—12] established that
thermal quenching under magnetic fields crossing the SkL
may avoid the equilibrium phase transition between the
skyrmion lattice and conical phase kinetically, resulting in
a MSkL extending over large parts of the magnetic phase
diagram, see Fig. 1(b). The characteristic time scale for
MSkKL unwinding exponentially increases with decreasing
temperature and also depends on the applied magnetic field
[1]. When the magnetic field is outside the SkL range,
an increase in temperature gradually induces the decay of
the MSKL through skyrmion unwinding on experimentally
relevant time scales. This thermal destabilization of the
MSKL results in the full transition to the conical phase
at T.on, see Fig. 1(b). So far, for bulk chiral magnets a
MSKL was realized by uniform thermal quenching of the
whole sample [5,7,8,10,11], leading to a MSKL that spans
the entire crystal. This was achieved through techniques
such as rapid field cooling [5,8,10,11], where the sample
is cooled at high cooling rates from temperatures above

T..T. (€)
'y

S conical

.
5t Tdelay
h P MSkKL
v

Tdclay

—200 —400
# ()

FIG. 1. Schematic magnetic phase diagram of Fe(75Coq25Si
(a) in thermal equilibrium and (b) following thermal quenching
through the SkL. (c) Characteristic out-of-plane magnetization
dynamics of Fe(75C0¢25Si in the equilibrium conical phase (top
panel) and the MSKL (bottom panel) measured in TR-MOKE
experiments as Kerr angle change (A¢y) as a function of the
time delay Tgay between pump and probe beam at 13 K and
55 mT. (d),(e) Simulated temperature distribution in steady state
after laser heating with F = 13 pJcm™2 at 7= 13 K in the x-
v plane being equal to the sample surface and in the y-z plane.
The upper graphs in (d),(e) show the temperature distributions
along the white lines indicated in the lower graphs and com-
pare them to characteristic temperature values [T, sk (55 mT),
Teon(70 mT)]. In (d) the fluence profile of the Gaussian laser
beam (red dashed line) is depicted for estimating effects of ther-
mal diffusion. Further information on the thermal simulations can
be found in Ref. [37].

T. to lower temperatures using cryogenic temperature
control.

In a recent study [11], it was established that TR-MOKE
measurements provide a sensitive probe for MSkL detec-
tion, accomplished by comparing the out-of-plane magne-
tization dynamics of the equilibrium conical phase with
that of the MSKL, as stabilized through rapid field cool-
ing. In the equilibrium conical phase, shown in the upper
panel of Fig. 1(c) for our sample, a nonoscillatory de-
and remagnetization characteristic is observed. In contrast,
in the MSKL, at the same magnetic field and tempera-
ture, the skyrmion breathing mode [33—35] is detected
as a precessional signal, as seen in the lower panel of
Fig. 1(c).

In this work, we adopt this approach to probe the
laser-induced creation and annihilation of MSKL by
performing TR-MOKE measurements in a pump-probe
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experiment. We apply laser pulses of about 7 = 150 fs
duration with a center wavelength of A = 800 nm and
a repetition rate of G =76 MHz to the single-crystal
Feo75C0025Si with size of (2 x 2 x 2) mm?. The con-
centrical pump pulses with focal 1/¢* radius of 60 um
and probe pulses with focal 1/¢? radius of w; = 30 um
are focused under near-normal incidence onto the sur-
face of the sample. The sample is located in an optical
cryostat with the magnetic field pointing out of the sam-
ple plane parallel to the (100) crystallographic direction.
The linearly polarized pump beam thermally triggers the
magnetization dynamics of the sample. The dynamics is
detected via the polarization change of the reflected probe
beam as induced by the MOKE, i.e., by measuring the
Kerr rotation A¢y in a stroboscopic manner as a func-
tion of the time delay Tgelay between probe and pump
beam. As the laser light penetrates approx. 30 nm [36]
into the Fey75Co¢25S1 sample, TR-MOKE is sensitive to
the magnetization dynamics in the sample surface only.
The measurement technique is discussed in more detail
in Ref. [11]. For a noninvasive detection of the magnetic
states we choose the lowest possible pump laser fluence for
the TR-MOKE measurements F = 2.2 uJ cm™2 to limit
the temperature increase by steady-state heating to about
5K.

Complementing the observation of a MSKL in chiral
magnets after uniform thermal quenching in previous stud-
ies [4—12], in this work, a local heating and cooling process
was implemented in terms of a series of high-fluence fs
laser pulses. Experimentally, this is realized by temporarily
increasing the laser fluence of the TR-MOKE pump beam
(irradiation of the sample with approximately equal to 2 x
10° laser pulses), while keeping all other laser parameters
unchanged. The cumulative heat load of the high-fluence
laser pulses leads to a local increase of the sample tem-
perature in a spatially confined volume in the vicinity of
the laser focal spot, as shown by thermal simulations in
Figs. 1(d) and 1(e). This volume has a micrometer-sized
extension along the surface as well as perpendicular to
it and thus is significantly smaller than the sample. After
reducing the laser fluence again, the local temperature rise
is rapidly compensated by the thermal reservoir provided
by the cryostat resulting in a fast and nonuniform sample
cooling.

As a first implementation of this local heating and cool-
ing process, we start in the conical phase at 13 K and
55 mT, see circle in Fig. 1(a), and apply high-fluence
laser pulses of F = 13 wJ cm~2 to the sample. The mag-
netic state is probed spatially resolved in TR-MOKE
experiments before and after the irradiation with the high-
fluence laser pulses. Figure 2(a) exemplarily shows the
magnetization dynamics at four sample positions with
different distances d to the center of the laser irradia-
tion spot. Prior to exposing the sample to high-fluence
laser pulses, we measure at all positions the dynamics of

the conical phase, as indicated by the gray symbols in
Fig. 2(a). In proximity to the irradiation spot, i.e., for d <
140 wm, the magnetization dynamics undergo a change
upon exposure to high-fluence laser pulses, displaying pre-
cessional dynamics with distance-dependent amplitude.
Such dynamics is characteristic for the skyrmion breathing
mode of the MSKL, as confirmed through a comparison
to the dynamics in Fig. 1(c) and by analyzing its disper-
sion [37]. We attribute the distance-dependent amplitude
of the precessional signal to a mixed state of MSkL and
conical phase formed in the laser-heated area, as addressed
later in the text. For d > 140 wm the initial conical phase
persists after the irradiation with the high-fluence laser
pulses. Therefore, the presented data establish that local
laser irradiation of a chiral magnet can drive a conical-
to-MSKL transition selectively in a confined area of the
sample. Unlike earlier investigations on thin lamellas of
chiral magnets [14,15], we demonstrate the laser-induced
creation of a MSKL patch, while the majority of the sam-
ple retains its equilibrium conical phase. The laser-written
MSKL patch persists over long time scales (>12 h, not
shown) and has a comparable magnetic field and temper-
ature stability as the uniform MSKL created by rapid field
cooling [37]. This demonstrates that the interfaces between
the equilibrium conical phase and MSKL patch are stable
on experimentally relevant time scales. Accordingly, the
conical background does not act as nucleus for triggering
skyrmion unwinding [1]. We observe laser-induced MSkL
creation selectively for magnetic fields in the regime of
the SkL. [37]. Therefore, we ascribe the formation of the
laser-written MSKL patch in Feg 75Cog 2551 to local thermal
quenching of the equilibrium SKL by laser heating.

In Fig. 2(b) we show that by local laser irradiation
of Feg.75C0¢.25S1 laser-induced MSkL annihilation can be
implemented as well. Following the formation of a MSkL
by means of rapid field cooling to 13 K, the magneti-
zation dynamics are studied before and after irradiation
with high-fluence laser pulses with F = 13 pJem™ at
70 mT, i.e., at a magnetic field above the SkL pocket,
see circle in Fig. 1(b). Prior to the irradiation, the char-
acteristic dynamics of the MSkL are observable across the
entire sample, as indicated by the plots with gray circles
in Fig. 2(b), demonstrating that rapid field cooling leads
to a MSKL state that spans the whole sample. In a situa-
tion reverse to laser-induced MSKL creation, we observe
a local formation of the conical phase in proximity to the
irradiation spot after high-fluence laser exposure at 70 mT,
as shown in Fig. 2(b). Again, the observed dynamics sug-
gest the formation of a mixed state of the conical phase and
MSKL in the laser-heated area, as evident by small preces-
sional signals in the TR-MOKE measurements for short
distances d. For d > 200 wm, magnetization dynamics of
the initial MSKL is detected. Consequently, laser-induced
MSKL annihilation is achieved after local irradiation of the
Fep75Co0.25S1 sample, forming a conical patch in a MSkL
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FIG. 2. Magnetization dynamics of Feg 75Co0g25Si measured at
different distances d from the irradiation spot before (gray cir-
cles) and after (colored squares) high-fluence laser irradiation
with F = 13 pJ cm™2 at 13 K: (a) starting in the conical phase
at 55 mT, and (b) in the MSKL, formed through rapid field cool-
ing, at 70 mT. The solid lines represent fits to the experimental
data using Eq. (1). High-fluence laser pulses are applied at the
same sample position in (a),(b). Data for d > 0 wm have been
offset by multiples of 40 wRad for clarity. (c) Sequence for all-
optical MSKL control in Feg75Coq25Si: a laser-written MSKL
state, formed through high-fluence irradiation of the conical
phase at 55 mT, is laser annihilated at 70 mT.

background. A switching from MSKL to the conical phase
after laser irradiation occurs exclusively for magnetic field
values outside the equilibrium SkL [37]. Thus, we attribute
the laser-induced annihilation of the MSKL to its thermal
destabilization by laser heating.

These findings show that laser-induced MSKL creation
and annihilation in Fey75Cog25S1 takes place in well-
defined and separated magnetic field regimes. As illus-
trated in Fig. 2(c), this allows us to realize all-optical
MSKL creation and annihilation sequences with readout
operation controlled by the applied magnetic field. A laser-
written MSKL patch generated through high-fluence laser
exposure within the field regime of the SkL, can be anni-
hilated again by subjecting it to high-fluence laser pulses
at magnetic fields outside the field regime of the SKL,
promising from an application point of view.

The results presented so far indicate that laser-induced
MSKL creation and annihilation leads to the formation of
mixed states of MSKL and the conical phase in the laser-
heated area and thus to a gradual magnetic phase transition
in this region. To study this aspect further, the spatially
resolved measurements in Figs. 2(a) and 2(b) are mod-
eled by a linear superposition of the conical, Ay conical>
and MSKL, A¢y mski, contributions to the measured signal

A¢i(Tdelay) = XMskL * AP mskL (Tdelay) + (1 — Xmskr)
: A‘pk,conical(Tdelay)- (1)

As the TR-MOKE technique averages over magnetization
dynamics in the probed area and is only sensitive to the
sample surface, the MSKL ratio xysxr. describes the areal
percentage of MSKL in the probed region. The line plots
in Figs. 2(a) and 2(b) are fits to the experimental data
using Eq. (1) with xpskr as the fitting parameter, show-
ing excellent agreement with the data. By plotting xpsir
as a function of distance d from the laser irradiation spot
center, as shown in Figs. 3(a) and 3(b) after laser irradia-
tion with different fluences £, the spatial dimensions of the
patches of laser-induced MSKL creation and annihilation
can be determined quantitatively.

Extracting the spatial MSKL distribution ppsir (7)
requires xyskr(d) to be deconvolved with the intensity
profile of the probe beam /(r + d)/ly [37] to take into
account the spatial averaging of TR-MOKE. The spatial
MSKL distribution after laser-induced MSKL creation is
best described by a higher-order Gaussian function given
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FIG. 3. MSKL ratio xyskr, in the probed area as a function of
the distance to the irradiation spot for (a) laser-induced MSkL
creation and (b) annihilation after high-fluence irradiation with
different laser fluences. The solid lines represent fits to the exper-
imental data using the model introduced in the main text. (c),(d)
Fit parameters leading to the best agreement between model and
data for MSKL creation and annihilation, respectively.
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with radius wysir, corresponding to the distance » from
the center of the laser irradiation spot where pyskr drops
to 1/€*. Here, py describes the MSKL density in the cen-
ter of the laser irradiation spot at » = 0. For laser-induced
MSKL annihilation, the MSKL distribution is given by
1 — pmskr (7). The line plots in Figs. 3(a) and 3(b) show
that the experimental data can be well approximated with
the chosen model using wysk, 72, and py as fit parameters.

In Figs. 3(c) and 3(d) we summarize the fit param-
eters leading to the best agreement between the model
and data. The radius wysy increases with the laser flu-
ence and gets larger than the laser focal width for high
fluences, consistent with sizable thermal diffusion, see
Fig. 1(d). Moreover, the shape of the MSkKL distribu-
tion changes with laser fluence. Irradiation with smaller
laser fluence results in the formation of a Gaussian MSkL
distribution (n < 2), shown for 8 and 7 wJ cm~2 for laser-
induced MSKL creation and annihilation in Figs. 3(a) and
3(b), respectively. For higher laser fluence, the MSKL
distribution forms a flat top (n > 2) that broadens under
further increasing laser fluences. The spatial MSKL distri-
bution pysk differs for laser-induced creation and annihi-
lation as reflected by different wygxr, and #. Most notably,
for the same irradiation fluence of 13 wJ cm~2, the MSkKL
is annihilated in a larger region than it is created, lead-
ing to different patch sizes of laser-induced MSKL creation
(wmske = 105 pm) and annihilation (wyskr = 145 pm).

This finding implies the need to investigate the flu-
ence dependence of these processes, which we accomplish
by analyzing the magnetization dynamics after irradiation
with laser pulses of different fluences at d = 0 pm. Fig-
ures 4(a) and 4(b) show TR-MOKE measurements after
laser irradiation with four different laser fluences start-
ing in the equilibrium conical phase (55 mT, 13 K) and
the laser-written MSKL (70 mT, 13 K), respectively. With
increasing fluence, the magnetization dynamics gradually
evolves from the characteristic behavior of the conical
phase to that of the MSKL and vice versa. Again, the
measurements are described well by Eq. (1), as shown by
the good agreement of the fits and the data in Figs. 4(a)
and 4(b).

The resulting MSKL ratio xysir. as a function of the irra-
diation fluence is shown in Figs. 4(c) and 4(d) for MSkKL
creation and annihilation, respectively, and two different
temperatures. We observe a double-threshold behavior for

laser-induced MSKL creation (Fy, Fyp) and annihilation
(FtTl, th). The laser-induced magnetic phase transition
sets in for fluences larger than a lower threshold Ft(lT)
and completes above an upper fluence threshold Fg).

In the fluence regime between Ft(f ) and FS) the MSKL
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FIG. 4. Magnetization dynamics of Feg 75Coq25Si after irradi-
ation with laser pulses of different fluences starting in (a) the
equilibrium conical phase, and (b) the MSKL at d =0 pm.
The solid lines in (a),(b) represent fits to the experimental data
using Eq. (1). MSKL ratio xvsk. as a function of irradiation flu-
ence for (c) laser-induced MSKL creation and (d) annihilation
at 13 and 27 K. The dashed blue lines show the 5% and 95%
fluence thresholds at 13 K. (e),(f) Comparison of the laser flu-
ence F, required to raise the sample temperature to 7. (gray
squares), Tskr (turquoise circles), and Teon (yellow squares), with
the fluence thresholds of (e) laser-induced MSKL creation (open
diamonds for Fy, black triangles F;) at 55 mT, and (f) annihila-
tion (open diamonds for Ftr1 , black triangles for F:Z) at 70 mT for
various start temperatures.

ratio xyskr, increases with the irradiation fluence. Thus,
for fluences smaller than Fg), the laser irradiation leads
to only a partial switching between MSKL and equilib-
rium conical phase and to a coexistence of both states
with a fluence-dependent MSKL ratio. This finding agrees
well with previous studies on laser-induced creation of
skyrmions [14,15,17], which also showed a coexistence of
metastable skyrmions and the equilibrium state after laser
irradiation. .

In Figs. 4(c) and 4(d) the fluence thresholds Ft(l') and

Fg), defined as 5% and 95% switching ratios toward
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the final state, are shown for 13 K as dashed verti-
cal lines. The fluence thresholds for laser-induced MSkL
creation at this temperature are Fy = 6.4 pJcm™2 and
Fyp = 11.7 wJ cm~2, while for MSKL annihilation, they
are F; =49 wJcm2 and F,) = 8.8 uJ cm™2. Thus, the
annihilation of the MSKL sets in and completes at lower
fluences than the creation process at the same temperature.
With that, the different patch sizes of laser-induced MSkL
creation and annihilation can be traced back to the differ-
ent fluence dependencies. Namely, by irradiation with the
same laser fluence the lower threshold for MSkL annihila-
tion is exceeded in a larger area than the higher threshold
for MSKL creation, due to the spatial Gaussian fluence
profile of the laser beam. Similarly, the transition from a
Gaussian to a flat-top spatial MSkL distribution, character-
ized by an increase of n in Eq. (2) relates to the saturation
of the final state at d = 0 wm when locally reaching the
threshold Fg), as shown in Figs. 4(c) and 4(d).

Moreover, Figs. 4(c) and 4(d) demonstrate that the flu-
ence thresholds of laser-induced MSKL creation and anni-
hilation decreases at higher temperatures, as evidenced by
the comparison of xysir, (F) at 13 and 27 K. This is consis-
tent with the laser-induced temperature rise in the material
being key for MSkKL creation and annihilation. To quan-
titatively assess the relationship between this temperature
rise and the fluence thresholds, we estimate the local tem-
perature increase caused by laser heating by comparing
fluence and temperature-dependent TR-MOKE measure-
ments [37]. In Fig. 4(e), the laser fluences F'(Ts,) and
F(T,) leading to a local increase of the sample temper-
ature to Ty and T, respectively, are compared to the
lower Fy; (white diamonds) and upper Fy, (black triangle)
fluence threshold of laser-induced MSKL creation. Here,
Tskr represents the lowest temperature within the SkL
regime for a given magnetic field, as illustrated in Fig. 1(a).
The comparison reveals that F}; and Fy; correspond to a
local temperature increase to Tsi and 7., respectively,
which aligns well with laser-induced MSKL creation due
to local thermal quenching of the equilibrium SkL. The
increase of the MSKL ratio in the fluence regime from Fi,
to Fp, i.e., for higher temperature rises in the SkL, might
be attributed to the proliferation of the topological wind-
ing process for temperatures approaching 7,. This influ-
ences the probability of SkL stabilization and consequently
affects the number of skyrmions preserved following laser
heating.

In Fig. 4(f), the laser fluence F(T.,,) leading to a
local increase of the sample temperature to 7,o, and the
fluence thresholds of laser-induced annihilation are plot-
ted as a function of temperature. In agreement with the
phase diagram shown the Fig. 1(b), the upper threshold
of MSKL annihilation Ffz corresponds to a local temper-
ature increases to T..,. This behavior is consistent with
laser-induced MSKL annihilation due to local transient

laser heating of the sample to temperatures that destabi-
lize the MSKL and lead to the formation of the conical
phase. Additionally, the data in Fig. 4(f) demonstrate that
even temperature rises much smaller than 7., are suffi-
cient to partially switch from MSKL to the conical phase,
as F jl is much smaller than F'(T,,,). This is attributed to the
temperature-dependent lifetime of the MSKL [1]. As tem-
perature increases the MSkL lifetime decreases, resulting
in an increased transition probability between the MSkL
and conical phase during high-fluence laser irradiation.

Our laser heating simulations in Fig. 1(e) indicate sub-
stantial heat penetration perpendicular to the sample sur-
face, leading to a rise of the sample temperature to 7,
Tskr, and T,on at micrometer distances to the sample sur-
face. Following the analysis above, such a temperature
distribution suggests that laser-induced MSKL creation
and annihilation are not confined to the sample surface,
but may extend to a micrometer-sized volume in the
sample. Thus, also the chiral ordering of the skyrmions
in the laser-written MSkL may continue into the bulk
material on a finite micrometer scale, a detail not captured
by our surface-sensitive measurement technique. In future
studies, TR-MOKE measurements could investigate this
aspect by simultaneously probing the front and back of a
micrometer-scale sample.

In summary, our study explored the all-optical manipu-
lation of a MSKL patch in the chiral magnet Feg 75Cog 25Si.
By probing the magnetization dynamics in TR-MOKE
experiments, we demonstrate laser-induced MSKL cre-
ation and annihilation in spatially-confined areas for well-
defined magnetic field regimes. Spatially-resolved and
fluence-dependent measurements indicate that creation and
annihilation in Fey75Cog25Si are linked to distinct temper-
ature regimes for the stabilization and destabilization of the
MSKL. These results provide promising steps towards the
all-optical local control of skyrmions for a fast and energy
efficient manipulation in future storage, microwave, or
neuromorphic computing devices, as well as insights into
optically induced local topological phase transitions in
terms of thermal quenching.

All data needed to evaluate the conclusions of the paper
are present in the paper and in the Supplemental Material.
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