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Supplementary Movies16

Supplementary movies are included using the following description:17

• Supplementary Movie S1: Zero-field cooling spin dynamics with the magnetisation pro-18

jected along (left) Mx and (right) Mz components. All interactions included in Eq. 1 are19

considered except DMI which is set to zero (|AAAi j|= 0).20

• Supplementary Movie S2: Spin dynamics along the (left) in-plane Mx and (right) out-21

of-plane Mz components of the magnetisation after laser excitation at 0.03 mJ cm−2 on22

CrGeTe3.23

• Supplementary Movie S3: Similar as movie S1 but at a fluence of 0.06 mJ cm−2.24

• Supplementary Movie S4: Similar as movie S1 but at a fluence of 0.14 mJ cm−2.25

• Supplementary Movie S5: Similar as movie S1 but at a fluence of 0.20 mJ cm−2.26

• Supplementary Movie S6: Similar as movie S1 but at a fluence of 0.30 mJ cm−2.27

• Supplementary Movie S7: WFKM measurements (as in Supplementary Fig.4) with the out-28

of-plane magnetic field applied by an air-core electromagnetic coil. The movie shows the29

evolution of the domain structure within the field range -74 mT to +36 mT. The images in30

the movie are 25 × 25 mm.31

• Supplementary Movie S8: The domain structure evolution during the magnetization reversal32

from –H (-250 mT) to +H (+250 mT) (red circles in Supplementary Fig.5).33
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Supplementary Table 1: Effect of the inclusion of different interactions and an applied field on

the formation of non-trivial spin structures (skyrmions, skyrmionium) in CrGeTe3 via cooling sim-

ulations. Skyrmions and anti-skyrmions are formed simultaneously even though just skyrmions

are mentioned in the table for simplicity. Biquadratic exchange (Ki j), dipole field (Bdip) and

Dzyaloshinskii-Moriya interactions (DMI) and an external out of plane magnetic field (11.7 mT)

are considered. Simulations without any DMI resulted in trivial magnetic stripe domains and bub-

bles without any topological features. The inclusion of DMI in CrGeTe3 follow that in Ref.1.
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Supplementary Figure 1: Magnon droplets. a-c, Snapshots of the out-of-plane magnetisation Mz of CrGeTe3 sub-

jected to laser pulses of different fluences at 0.08 mJ cm−2, 0.14 mJ cm−2 and 0.20 mJ cm−2, respectively. Each panel

was extracted at t = 115 ps (15 ps after the pulse). This is the approximate end of the period of magnon localisation.

At low fluence (0.08 mJ cm−2) as in a very few magnon droplets are nucleated, and thus there is little opportunity for

skyrmion formation. As fluence increases (0.14 mJ cm−2 in b) many magnon droplets are formed, and they remain

isolated as they gain topological protection rather than merging. This provides the opportunity for dense skyrmion

formation. At high fluence intensities (0.20 mJ cm−2 in c) several magnon droplets are nucleated, but thermal fluctu-

ations inhibit their stabilisation. As a result many magnon droplets merge into labyrinthine domains with some still

keeping skyrmion characteristics.
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Fluence (mJ cm−2) Equilibration Temperature (K)

0.03 0.34

0.05 0.56

0.08 0.90

0.10 1.12

0.12 1.35

0.14 1.57

0.16 1.80

0.18 2.02

0.20 2.25

0.30 3.37

Supplementary Table 2: Calculated equilibration temperatures (K) for the system after laser ex-

citation at different fluences (mJ cm−2) on CrGeTe3. Values are extracted of Figure 1 after the

system reached equilibrium.

Symbol Name Value

Ce0 Electron heat capacity constant 736.87 Jm-3K-2

Cp Phonon specific heat capacity 8.90×106 Jm-3K-1

G Electron-phonon coupling factor 5.52×1016 Jm-3K-1s-1

Supplementary Table 3: Calculated material parameters for the 2TM used on the ultrafast laser-

induced magnetic dynamics on CrGeTe3.
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Topological spin switching: simulations34

To investigate the toggle switch found in the measurements (Figure 3), we simulate the variation35

of the topological spin textures with laser excitations also taken into account an external magnetic36

field. We considered similar steps as those used in the WFKM measurements: under a field of37

+25 mT (Fig. 2a-c), 0 mT (Fig. 2d-f) and -25 mT (Fig. 2g-i). We quantified the effect in38

terms of the topological number Nsk since the coexistence between skyrmions and stripe domains39

over the surface complicates their clear identification by visualisation methods. Nsk will provide40

a quantitative metric of the amount of changes between the spin textures involved without adding41

more complex elements to the analysis. We started with a configuration with Nsk =−1.7 (Fig. 2b)42

which was previously obtained from a saturated FM state under a single laser pulse. This state43

then is further equilibrated under a field of +25 mT and two additional laser pulses applied. We44

observed a substantial increment in the amount of skyrmions and sign reversal of the spin textures45

(Nsk = +16.1) after several nanoseconds of thermalisation (Fig. 2c). The process is repeated46

under zero field (Fig. 2d) taking the previous equilibrated spin state (Fig. 2c) as the reference47

(Fig. 2e) on the new switching step. Interestingly, the additional laser pulse at 0 mT reduces the48

number of skyrmions in the layer (Fig. 2f) but keeps the same sign (Nsk =+5.5) as in the previous49

state. We repeat this process at a different field polarity (-25 mT, Fig. 2g-i) to recover a spin50

configuration relatively close to the original state (Fig. 2b) but slightly smaller topological number51

(Nsk = −6.1). The simulations shown in Fig.2 reproduced at least qualitatively the experimental52

observations in Figure 3, and provided a theoretical background for further exploration. It is worth53

mentioning that each ultrafast spin dynamics simulation for each laser pulse and magnetic field is54
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very time-intensive (∼ 24− 36) hours requiring a large load of computational resources. Indeed,55

the simulation of N = 100 pulses is unpractical due to their large computational cost.56
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Supplementary Figure 2: Topological spin switching: simulations. a, Schematic of CrGeTe3 layers under laser

excitations and an applied out-of-plane magnetic field (+25 mT) which will be used in the ultrafast dynamics in b and

c. b-c, Snapshots of the out-of-plane magnetisation (Mz) at 1.6 K showing a magnetic state with a skyrmion number of

Nsk =−1.7 and Nsk =+16.1, respectively. The former state is characterised by a large amount of spirals whereas the

latter has an increased number of skyrmions quasiparticles induced by the laser. A spin switching occurred between

both states as two laser pulses of 0.18 mJ cm−2 are applied to the system under a magnetic field of +25 mT. The initial

state (Nsk = −1.7) is obtained from a fully saturated magnetised state (|Mz| = 1 and Nsk = 0). d, Similar as a but

without any applied field. e, Once the state in c is stabilised, it is used as an initial reference under the laser excitations

to generate a new magnetic configuration with Nsk = +5.5 as shown in f. No magnetic field is applied during this

process. g, Similar as in a but with a magnetic field of opposite polarity (-25 mT). h, This reference configuration

corresponds to the stated created in f which will be under one laser pulse and a field of -25 mT to generate the spin

configuration in i. 8



Sample characterization57

Supplementary Figure 3: X-ray characterisation for CrGeTe3 crystals. X-ray diffraction patterns of pristine bulk

crystal of CrGeTe3 used in the measurements. The plot shows a series of out of plane (00l) peaks which agrees well

with previous results in the literature2.
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Supplementary Figure 4: Temperature dependence of the domain structure and Kerr signal in CrGeTe3. a-

f, Domain structure images were performed by wide-field Kerr microscopy (WFKM) (as described in Methods) in a

polar geometry sensitive to the out-of-plane magnetization. The sample illumination was linearly polarized LED white

light, while polarization changes of the reflected light due to the polar Kerr effect were detected as intensity changes

using a nearly crossed analyzer and quarter-waveplate. The measurements were performed at remanence and within

the temperature range 65−12 K. g, Variation on the polarisation for spin up and down as a function of the temperature

at the area highlighted in f.
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Supplementary Figure 5: Hysteresis loop for CrGeTe3 crystals. The hysteresis loop extracted from domain structure

images acquired with beam-scanning Kerr microscopy using microstat MO 5T superconducting magnet, with the field

direction applied perpendicular to the sample surface. The sample illumination was linearly polarized CW green laser

diode, while polarization changes of the reflected light due to the polar Kerr effect were detected using a balanced po-

larizing photodiode bridge detector. The measurements were performed at 6 K. The domain structure evolution during

the magnetization reversal from –H (-250 mT) to +H (+250 mT) (red circles) can be observed in the Supplementary

Movie S8.
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