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S1: Determination of material parameters and their temperature dependence by SQUID/VSM 3 
 4 
Hysteresis loops were recorded by SQUID and VSM in order to determine the saturation magnetisation 5 
Ms as well as the effective anisotropy Keff of the sample. The curves displayed in Fig. S1 show the out-6 
of-plane (OOP) and in-plane (IP) hysteresis loops at 300 K. The effective perpendicular anisotropy Keff 7 
was determined by the difference in the areas of the in-plane and out-of-plane hysteresis loops and 8 
corresponds to Ku − μ0/2 Ms

2 with the uniaxial anisotropy Ku [1]. 9 
 10 
 11 

 12 
Figure S1: Hysteresis loops of multilayer stack. OOP (blue) and IP (red) hysteresis loops recorded 13 
at 300 K by SQUID magnetometry. Inset: The zoomed in OOP curve displays the typical behaviour of 14 
a multidomain stripe sample. 15 
 16 
 17 
The hysteresis loops displayed in Fig. S1 measured at room temperature (300 K) via SQUID were also 18 
performed at temperatures of 10 K, 50 K, 100 K, 200 K, 300 K, 350 K and 390 K by SQUID and 300 K, 19 
350 K, 390 K, 450 K, 500 K, 550 K, and 600 K by VSM. The saturation magnetisation was determined 20 
and afterwards the following model was used to fit the temperature dependence of the saturation 21 
magnetisation: 22 
 23 

𝑀𝑠(𝑇) = 𝑀𝑠(0 𝐾) (1 − (𝑇/𝑇𝑐)𝛼)𝛽 ,        (13) 24 

 25 
with a saturation magnetisation Ms(0 K) = (976±10) kA/m, a Curie temperature Tc = (553±1) K, 𝛼 = 26 
(1.73±0.13)  and 𝛽 = (0.63±0.04). 27 
 28 



 2 

The temperature dependence of the effective anisotropy constant was fitted using:  29 
 30 

𝐾𝑒𝑓𝑓(𝑇) = 𝐾𝑢(𝑇) −
µ0

2
(𝑀𝑠(𝑇))2,         (14) 31 

 32 
where the magnetisation dependence of the anisotropy constant was fitted by a power law: 33 
 34 

𝐾𝑢(𝑇)

𝐾𝑢(0 𝐾)
= (

𝑀𝑠(𝑇)

𝑀𝑠(0 𝐾)
)

𝑐

,         (15) 35 

 36 
leading to an anisotropy constant Ku(0 K) = (1031±11) kJ/m3 and c = (2.16±0.02). 37 
 38 
Using the fit parameters, we obtain finally a room temperature saturation magnetisation of Ms(300 K) = 39 
(844±28) kA/m and an effective anisotropy of Keff(300 K) = (133±17) kJ/m3. 40 
 41 

 42 
Figure S2: Temperature dependence of Ms and Keff. Temperature dependence of the saturation 43 
magnetisation Ms (a) and effective anisotropy Keff (b). The datapoints were fitted by the models 44 
displayed in Eq. (13) respectively Eq. (14). 45 
 46 
 47 
 48 
 49 
 50 
 51 
 52 
 53 
 54 
 55 
 56 
 57 
 58 
 59 
 60 
 61 
 62 
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S2: Pump-probe-delay time dependent spin system temperature 63 
 64 
The total intensity of the sum signal displayed in Fig. 4a & 4b is connected to average domain 65 
magnetisation (I ∝ M2). Using the temperature dependence of the saturation magnetisation according 66 
to Fig. S2 we estimate the temperature evolution of the spin system during the pump-probe experiment 67 
displayed in Fig. S3. Upon optical excitation the spin system temperature increases within a ps to 68 
(493±22) K and relaxes afterwards slowly back to room temperature with an already decreased 69 
temperature of (469±13) K at 100 ps. 70 
 71 

 72 
Figure S3: Time dependence of spin system temperature. The evolution of the spin system 73 
temperature as a function of pump-probe delay time in logarithmic scale.  74 
 75 
 76 
 77 
 78 
 79 
 80 
 81 
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 S3: Micromagnetic simulations of the equilibrium domain wall configuration 82 
 83 
Using MicroMagnum [2], a framework to perform numerical micromagnetic simulations, we simulated 84 
the complete [Ta(5.3 nm)/Co20Fe60B20(0.93 nm)/Ta(0.08 nm)/MgO(2.0 nm)]x20 multilayer stack using a 85 
cell size of 0.9 nm. The following material parameters have been used for the magnetic layers: the 86 
experimentally measured parameters  Ms(300 K) = 844 kA/m and Keff(300 K) = 133 kJ/m3 , as well as 87 
the typical literature values of such material stacks for the DMI constant D = 0.06 mJ/m2 [3-4] and the 88 
typically for CoFeB assumed exchange stiffness constant of A=10 pJ/m at room temperature [4]. The 89 
equilibration of a domain wall leads to the stabilization of the domain wall configuration as shown in Fig. 90 
S4. The exact domain wall arrangement is determined by an interplay between interfacial DMI and 91 
dipolar interactions that lead in the simulations to the stabilization of a so-called hybrid chiral domain 92 
wall [5]. The top and bottom magnetic layers in such a structure have opposite chirality due to flux 93 
closure, while the right-handed chirality is predominant in more layers due to the interfacial DMI 94 
provided by the Ta/CoFeB interface. 95 
 96 

 97 
 98 
Figure S4: Domain wall configuration of the complete material stack. The magnetic moments of 99 
the individual cells of the different layers are depicted by the coloured arrows. While most layers are 100 
right-handed Néel type the three bottom layers are left-handed Néel type domain walls. 101 
 102 
 103 
Analysing the domain wall profile in the simulations for the uppermost layer leads to a domain wall angle 104 
of φ = 90° degrees, supporting the experimental observation of fully right-handed Néel -type domain 105 
walls from the dichroic scattering signal. 106 
 107 
By plotting the z-component of the magnetisation of the uppermost layer and using the expressions in 108 
Eq. (5) of the method sections, that are typically used to model homochiral domain walls, the domain 109 
wall width can be determined. 110 
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 111 
 112 
 113 
Figure S5: Magnetisation profile of a domain wall in the topmost magnetic layer from 114 
micromagnetic simulation. Fitting the profile of the z-component of the magnetisation leads to a 115 
domain wall width of approximately 8 nm. 116 
 117 
 118 

Using the fit function  𝑚𝑧
𝑊+−(𝑥) = −  tanh(

𝑥

𝑤
) , leads to a DW width of w = 7.82 nm ≈ 8 nm using the 119 

room temperature parameters.  120 
 121 
This value is not differing significantly from the value obtained by the analytical formula: 122 
 123 

∆= √𝐴/𝐾𝑢,𝑒𝑓𝑓  ,    (16)    124 

 125 
typically used to determine the domain wall width from experimental material parameters [1]. Calculating 126 
the wall width with our material parameters leads to ∆ = 8.6 nm. This shows that DMI as well as dipolar 127 
interactions contribute here strongly to the exact domain wall configuration [5], while the domain wall 128 
width is not affected significantly by the value of the DMI [4,6].  129 
 130 
 131 
 132 
 133 
 134 
 135 
 136 
 137 
 138 
 139 
 140 
 141 
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S4: Temperature dependence of the domain wall width 142 
 143 
The domain wall width in these thin film samples is governed by Eq. (16) with no significant effect of the 144 
DMI [4,6]. Using the temperature dependence of the effective anisotropy constant obtained in Fig. S2 145 
one can estimate the temperature dependence of the (equilibrated) domain wall width using Eq. (16). 146 

 147 
The temperature dependence of the exchange stiffness constant A is in mean-field approximation 148 
described by a power law A ∝ Ms

2 leading to the temperature scaling of the domain wall width 149 
displayed in Fig. S6. One can observe that the domain wall width increases with increasing 150 
temperature due to a stronger scaling of the effective anisotropy constant in comparison to the 151 
exchange constant. It was also shown that fluctuation corrections from nonlinear spin-wave effects 152 
lead to a scaling A ∝ Ms

κ with κ<2 depending on the lattice structure [7], which would lead to an even 153 
stronger scaling of the domain wall width with the temperature. 154 
 155 

 156 
Figure S6: Temperature dependence of Keff, A and Δ. Normalized temperature dependence of the 157 
effective anisotropy constant (red), the exchange stiffness constant (blue) and the analytical domain 158 
wall width Δ (green). 159 
 160 
 161 
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Using again the temperature scaling of the exchange stiffness constant and the effective anisotropy in 162 
combination with the domain wall width w(300 K)= 8nm obtained from the micromagnetic simulations 163 
and Eq. (16), leads to the domain wall widths displayed in Fig. S7. 164 

Figure S7: Temperature dependence of w. Temperature dependence of the domain wall width w 165 
based on the temperature scaling of the exchange stiffness constant and effective anisotropy. 166 

 167 
 168 
Combining the time delay dependence of the spin system temperature displayed in Fig. S3 with the 169 
here obtained temperature dependence of the domain wall width one can estimate the equilibrium 170 
domain wall width at increased temperature for delay times between 1 ps to 100 ps to approximately 171 
11 nm. 172 
 173 
 174 
 175 
 176 
 177 
 178 
 179 
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S5: Fourier spectrum of the MFM image 180 
 181 
The magnetic force microscopy image displayed in Fig. 1b was Fourier transformed leading to the 182 
spectrum displayed in Fig. S8. One can see a clear first order peak at a value of q=(13.8+/-0.9) μm-1 as 183 
well as a second order peak at q=(27.6+/-0.9) μm-1 and a third order peak at q=(41.4+/-1.0) μm-1 due to 184 
partial short range stripe alignment of the OOP demagnetized magnetic labyrinth pattern. The first order 185 
peak indicates a stripe periodicity of (455+/-30) nm, which agrees well with the real space stripe data 186 
measured. 187 

Figure S8: Fourier Spectrum of MFM image. Logarithmic Fourier spectrum of the MFM image of the 188 
demagnetized labyrinth stripe state showing a first, second and third order peak.  189 
 190 
 191 
 192 
 193 
 194 
 195 
 196 
 197 
 198 
 199 
 200 
 201 
 202 
 203 
 204 
 205 
 206 
 207 
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S6: Fit parameters of the pump-probe delay curves from 0 - 3 ps 208 

 209 

 Figure 4a Figure 4b 

 CL+CR CL-CR CL+CR CL-CR 

AD -0.80±0.01 -0.85±0.03 -0.86±0.01 -0.89±0.01 

τD, ps 0.39±0.10 0.31±0.10 0.16±0.01 0.16±0.01 

     

AR1* ~0.04 ~0.10 0.05±0.01 0.05±0.02 

AR2* ~0.76 ~0.80 0.78±0.01 0.81±0.02 

τR1 *, ps ~1±1 ~1±1 14±7 9±6 

τR2, ps >900 312±18 >2000 530±100 
*) Some of the refinement parameters are difficult to determine from the fit due to an 210 
ill-conditioned Jacobian.  211 

Table S1: Pump-probe fit parameters. Fit parameters obtained by fitting the pump-probe data shown 212 
in Fig. 4a & 4b with the model described in Eq. (3). 213 

 214 

 215 

 216 

S7: Ultrafast demagnetisation within the first picoseconds 217 

 218 
Figure S9: Fits of the pump-probe delay curves. Left: Ultrafast demagnetization (same data as in 219 
Fig. 4(a)) - solid lines represents a fit with Eq. (3) in the time interval t = (0-3) ps.  Right: Solid line 220 
represents a fit over the entire time interval with Eq. (3). 221 

 222 

 223 
 224 
 225 
 226 
 227 
 228 
 229 
 230 
 231 
 232 
 233 
 234 
 235 
 236 



 10 

S8: Estimation of error bars 237 
 238 
There are the following sources of fluctuations contributing to the error bar: 239 

• Poisson noise from photon counting statistics. The CCD scattering images (see Fig. 1 and 2) 240 
represent averages of 7000 FEL pulses each - with the CCD camera read out after the 7000 241 
pulses. The data points shown in Fig. 4a and 4b have been determined by azimuthal and radial 242 
averaging over 7.12x105 pixels in the relevant Q-range. The counting error based on Poisson 243 
statistics is ∆𝐼 = √𝐼 yielding a relative error of ∆𝐼/𝐼 = 1/√𝐼. The averaged count numbers are 244 
rather high in the range of 0.1 to 1x106 photons implying relatively small error bars. We find 245 
typical values of ∆𝐼/𝐼= 0.3 % at t = 1ps and ∆𝐼/𝐼= 0.2 % at t=100 ps for CL-CR and 0.16 % 246 
(1ps) and 0.13% (100 ps) for CL+CR.  247 

• FEL fluctuations. The FERMI FEL is a seeded FEL and intensity fluctuations were relatively 248 
small with standard deviation of 10-20 % during the experiment. With 7000 shots the error is 249 
std/sqrt(7000) ranging around ∆𝐼/𝐼=0.1- 0.2 %. 250 

• Speckle fluctuations. The use of a highly coherent beam results in a speckle pattern, visible by 251 
the grainy appearance of the CCD images and also by the non-flat appearance of the scattering 252 
curves in Fig. 3. The fact that they appear always at the same location in reciprocal space 253 
demonstrates the speckle origin of these features. The graininess of a speckle pattern can also 254 
yield fluctuations in the average intensity with values depending on the number of speckles N 255 
and  external fluctuations produced by the pointing instability of the FEL (around 1/3 to 1 sigma 256 
of beam, FWHM). The reader may think about the extreme case if a single speckle is fluctuating. 257 
We estimate the magnitude of this contribution in the following way: The speckle size is given 258 
by 𝑆 = 𝐿𝜆/𝐷 with L denoting the sample-detector distance, 𝜆 the wavelength and D the beam 259 

size. The number of speckles in the Q-area of interest between Q2 and Q1 is 𝑁 =
𝜋(𝐿𝜆)2(𝑄2

2−𝑄1
2)

(4𝜋)2𝑆2 
. 260 

From the central part of I(Q) with Q=14.00 to 15.00 m-1 we obtain N=1000 and thus estimate 261 
an upper bound for a statistical fluctuation of ∆𝑁/𝑁~0.65 %.  262 

 263 

Combining all sources of fluctuations result in the error bars shown in the manuscript with values of 264 
around 1%. We can compare this number to the experimental data by calculating  the standard deviation 265 
of the first five measured data points in the time interval t=-3,-1,-0.2,-0.1,0 ps before pumping (=constant 266 
intensity). The standard deviation for CL+CR and CL-CR are 1.3 % each, which is in reasonable 267 
agreement with the values calculated above.  268 

 269 
 270 
 271 
 272 
 273 
 274 
 275 
 276 
 277 
 278 
 279 
 280 
 281 
 282 
 283 
 284 
 285 
 286 
 287 
 288 
 289 
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S9 Additional Scans 290 
 291 
In a second round of experiments we measured with lower scattering intensity three pump-probe 292 
scans. The data shown in Fig. 4b represent the average of these three scans. 293 

 294 
Figure S10: Additional scans including more data points at different times. Three additional scans 295 
with lower scattering intensity and more time points. 296 
 297 
 298 
 299 

 300 
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