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1 Ciritical exponents for the entire range of thicknesses

To determine the critical exponents in Table SI-I, 71, a1 and 7o, a2, representing two slopes of the avalanche size distribution
P(S,1) and the duration distribution P(T',[) at different thickness I, we fit the whole distribution using the non-linear
weighted least squares method. This gives the best unbiased estimator of the fitting parameters’ values provided that the
weight of each point is taken as to reciprocal of the variance of that point. We the function (Eq. (4) in Model and Methods):

P(S) = { [1 — tanh(S/B)] % + tanh(S/B) ;f‘; }‘I?(S) , (1)

where B is the bending size and [S]]
P(S) = exp[(S/D)* — (5/C)7] . (2)

The simulated data for the avalanche size distributions P(S,1) and P(T,[) both in the hysteresis loop centre and the
loop-integrated distributions at different thickness [, see Fig.4 in the paper, are all fitted in this way; a good initial guess for
each fitting parameter is very important here, and a lot of attention was dedicated to finding it. The representative fits are

illustrated in Fig.

1.1 Table SI-I of all exponents

The resulting sets of scaling exponents for the entire range of thicknesses are summarised in Table SI-I. The values of the
critical exponents 71 and 7o for the size distribution and «; and a5 for the duration distribution are shown, estimated from
the double power-law and cut-off fits of both loop-integrated and loop-centred avalanche distributions. The corresponding
data are shown in the left and the middle column of Figure 4 of the main paper. Empty fields in the Table indicate that
the distributions at the corresponding thicknesses follow power-law described not by double, but by a single exponent.
The ranges of values shown in different fonts are comparable with the available experimental results, see Fig.[SI-3|and the
caption for further details.



1. CRITICAL EXPONENTS FOR THE ENTIRE RANGE OF THICKNESSHYNTS

loop-integrated: Int

loop-center: HLC

l T1 (651 T2 (65) T1 a1 T2 (6%)

1 - - 1.41£0.07 1.544+0.04 | - - 1.09+0.04 1.28+0.01
2 - - 1.36 £0.07 1.51£0.02 | - - 1.144+£0.03 1.2240.02
4 - - 1.31+0.10 1.50+0.03 | - - 1.11+0.06 1.214+0.06
8 2.26£0.08 298+0.10 1.30+£0.08 1.47+0.02 | 1.64+0.06 1.94 £0.17 1.12+0.05 1.24+0.02
16 2.114+0.07 2.80+0.15 1.30+0.03 1.514+0.02 | 1.56 £0.04 1.90 £ 0.12 1.12+0.03 1.37+0.13
32 2.00£0.06 268+0.09 1.27+0.02 1.59+0.02 | 1.54+0.04 1.88 +0.07 1.17+0.03 1.45+0.22
64 1.94+0.08 2.60+0.07 - - 1.48+0.035 1.82+£0.07 - -

128 | 1.89 £0.06 2.53+0.06 - - 1.46 +£0.04 1.80£0.05 - -

256 | 1.88+0.05 2.50+0.06 - - 1.46 £0.01 1.78+£0.04 - -

Table SI-I: The values of the critical exponents 7; and 7 and a;; and . for samples of different thicknesses [, estimated by
fitting the expression Eq. (I to the data shown in Fig. 4 in the main text.

1.2 Figure SI-1: Examples of fits with two slopes and cutoff

Some examples of these fits are shown in Fig. (see also Fig.5 in the main text) and the corresponding parameters are
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Figure SI-1: Illustration of fits according to Eq. (Ii2) for three representative thicknesses for the distribution of avalanche
size S and duration 7" in the HLC. Left: thin samples (I = 8); Middle: intermediate thickness (I = 32); Right: thick samples
(I = L = 256). Corresponding parameters are listed in each panel. Parameters related to the second slope are not applicable

in thick samples.



2. COMPARISONS WITH THEORETICAL PREDICTIONS CONTENTS

2 Comparisons with theoretical predictions

An analytical form of the distribution of the avalanche sizes with a bump, similar as in our simulations, has been derived by
functional renormalization group theory for the interface depinning dynamics, see [1} 2] and other references in the main
text. Correctly, the avalanche size distribution reads [1]]

S S B[ST°
P(S):;\/;S;—2AS—Texp (C 5. 1 |:Sm] > 3)

where the exponents 7 and 0 as well as the parameters A, B, C' are estimated from the e-expansion. Precisely, from the
one-loop expansion, these parameters are determined [1] (we are quoting only the case applicable to RF model):

T=3/2—¢€/12; 6 =1+¢/18

while
A =1-0.26835¢/36; B =1+ 2.28806¢/9; C = e\/7/9.

In the RG theory, the parameter € = d. — d, where d. = 4 for the interface depinning model. Therefore, for comparisons
of these theoretical curves with the data in 3-dimensional systems, we set ¢ = 1, while ¢ = 2 for the 2-dimensional case.
Here, < S > is the average size of the avalanche according to that distribution, while Sy, is a fitting parameter [2]. Note
that in this theoretical approach, no expression was given for the related distribution of avalanche duration.

2.1 Fits for the distribution of avalanche sizes

It should be stressed that only the avalanches in the central part of the hysteresis loop can have an extended domain wall,
such that the interface dynamics can be dominant. By setting ¢ = 1 in the above expressions, we attempt to fit our simulated
data for the avalanche size distribution in HLC for large thickness, i.e., | = L = 256; the fit is shown in the top-right panel
in Fig. and Fig.5 in the main text. In this case, the RG theory provides a satisfactory fit, similar to the corresponding
fit in Fig. top-right, but with fewer parameters. The situation is much different in the case of finite thicknesses, for
example, when | = 8 and [ = 32, where the simulated distribution has two distinct slopes and a bump in the cut-off, see
Fig.[SI-2)left and middle. Here, the use of the expression of (3 with € = 2 to separately fit the second part of the simulated
distribution is justified, where large 2-dimensional avalanches contribute. (For this purpose, we introduce additional fit
parameter A= A(S) and similarly for the separate fitting of the first part of the distribution, absorbing the actual value
of (S).) In comparison with the corresponding fits in Fig. we note that apart from fitted both slopes by the heuristic
expression (I)), the scaling exponent 7 varies with the thickness. Moreover, the exponent k = 3.95 that fits the cut-off differs
from the theoretical one 1/2. Apart from higher-order contributions to the expression (3, these differences call for a new
RG theory for systems with finite thicknesses, which will also account for the scaling forms that involve additional scaling
variable /L [6]).
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Figure SI-2: Representative fits of the simulated data in the HLC with the theoretical curve Eq. (3) and the corresponding
parameters: For the data for thin sample ! = 8 (left) and intermediate [ = 32 thickness (middle), the second part of the
distribution is fitted using ¢ = 2, i.e., 2-dimensional system, while the first part has the slope of a 3-dimensional system.
The data for thick sample [ = L = 256 (right) are fitted using the parameters for ¢ = 1, i.e., 3-dimensional system.
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2.2 Shape of avalanches

The RG theory also predicts the asymmetric shape of the avalanches n(t = 2T) ~ [Tz(1 — )] " x exp (44(1/2 — z))
with the exponential term, see [4] and the e-expansion for the asymmetry parameter A, as

Ag~ —0.336(1—d/d.) ,d=d.—¢. 4)

Notice that in the empirical expression [3] in Eq. (5) in the main paper, the asymmetric term represents the first order
expansion of the above exponential expression with the asymmetry parameter a = Ay. In [3]], by performing an analysis of
many samples with different thicknesses and the avalanche duration 7" up to 2048, the corresponding values of the parameter
a are found to be negative and dependent on the actual thickness in agreement with the RG predictions (@), see Table SI-IT
for details. It is interesting to notice that, by taking d. = 4, the expression () gives the value a=-0.084 for d = 3, while
a=-0.168 for d = 2; the latter value is close to the numerical one for large avalanche durations in the thin sample.

Table SI-II: Values of the avalanche asymmetry parameter a and the corresponding - obtained from fitting the avalanche
shapes for the avalanche duration T' € [64, 2048] and thickness | € [1,512], data from [3]]

) T =64 T=128 | T =256 | T =512 |T=1024 | T = 2048
=1 1.42 1.44 1.45 1.47 1.49 —
=2 1.47 1.48 1.48 1.49 1.48 1.45
=4 1.50 1.50 1.48 1.49 1.48 1.48
=8 1.50 1.55 1.54 1.50 1.48 1.48
=16 1.51 1.54 1.58 1.59 1.53 1.51
=32 1.53 1.55 1.57 1.58 1.61 1.60
=64 1.54 1.57 1.58 1.60 1.59 1.67
=128 1.54 1.58 1.59 1.59 1.62 1.59

1 =256 1.54 1.58 1.70 1.62 1.61 1.65
=512 1.54 1.58 1.60 1.61 1.62 1.63
(a) T =064 T=128 | T =256 | T =512 |T=1024 | T = 2048
=1 —0.351 —0.292 —0.241 —0.189 -0.173 -
=2 —0.334 —0.276 —0.221 —0.185 —0.156 —0.110
=4 —0.418 —0.346 —0.277 —0.228 —0.196 —0.161
=8 —0.264 —0.344 —0.322 —0.270 —0.217 —0.173
=16 —0.217 —0.199 —0.244 —0.284 —0.243 —0.199
=32 —0.229 —0.198 —0.194 —0.183 —0.238 —0.256
l=64 —0.236 —0.198 —0.184 —0.165 -0.171 —0.205
=128 —0.236 —-0.199 —-0.179 —-0.177 —0.154 —0.147
[ =256 —0.236 —0.202 —0.175 —0.160 —0.177 —0.167
[ =512 —0.236 —0.196 —0.171 —0.148 —0.183 —0.166
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3 Distributions away from the critical line

To add to the discussion in the main paper, here we present the simulation results for the situations that typically occur in
empirical investigations, that is away from the critical line.

3.1 Fixed disorder—varied thickness

This situation often occurs in experiments; it represents a horizontal cut through the phase diagram, cf. Fig. [SI-3]

(a)

D, (8)

10 100 10* 10" 100 10" 10 10' 10° 10° 10

Figure SI-3: Integrated distributions of avalanche size S, panel (a), and of avalanche duration 7', panel (b), for the systems
with same disorder R = RS (1 = 32) and base size L = 256, but with various thicknesses, ranging from [ = 2 to [ = 256.
The distributions are obtained after averaging over different configurations of the random magnetic field (500 for [ = 256,
and increasing up to 60000 for [ = 2).

3.2 Fixed thickness—varied disorder

This situation represents a vertical cut through the disorder—thickness phase diagram. In the laboratory experiments, it
assumes samples of a different composition, as in the case of thin films, cf. .[SI-3] Theoretically, below the critical disorder
line, the interface depinning occurs, and the distributions dominate with the spanning avalanches. Whereas, above the
critical line, the cut-offs are limiting the power-law distributions, with a systematically decreasing cut-off length. The
nature of the accompanying Barkhausen noise is changed accordingly, as shown in Fig.8 in the paper.
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Figure SI-4: Integrated distributions of avalanche size S, panel (a), and of avalanche duration 7', panel (b), for the systems
with fixed thickness [ = 32 and base size L = 256, but with various disorder R in the range above and below the critical

Ref(1 = 32). The distributions are obtained after averaging over 4000 different configurations of the random magnetic
fields.
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4 Comparisons with experimental results

In Fig. we plot the disorder—thickness phase diagram using the relative scales (see the figure caption), that enable to
plot several experimental results from the literature relative to the studied critical disorder line.
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Figure SI-5: Position of the critical disorder line RS (1, 512) normalised with the critical disorder in bulk sample R, 3p
plotted against the relative thickness scale [/l,.¢, and the comparison with the available experimental results in Refs.
[7,8,10,11,15]. The reference thickness I,..y was identified as the thickness where the avalanche exponents change in
agreement with the predicted theoretical values; it corresponds to 100 nm thickness in the polycrystalline sample Ni,Fe;_y
from the most complete measurements of different thicknesses in Ref. [15], where x = 81, and a horizontal line is set at
the equivalent theoretical critical disorder. Then all other thicknesses from different measurements are placed relative to
that point. Different measurements obtained in the alloy of the same composition belong to the same line, while the points
representing a varied composition at the fixed thickness belong to a vertical line, where we can not assess the actual disorder
but only plot the theoretical lower and upper limits. Similar reasoning are applied to assess relative disorder line for other
samples, in particular, amorphous Fe75Si15B1¢ and Fers 5Sis0 5_xCuy NbgBy; here, the exponents measured in Ref. [15]
systematically remain in the range left/above the theoretical critical line, suggesting a stronger disorder in these amorphous
alloys. In the legend, we indicate the theoretical exponents that correspond (within error bars) to the experimental values
in the respective materials: (72, ap) referring to the theoretical second slope observable in thin materials, while (71, )
are the exponents of the first slope, which dominates in the distributions computed for the thicker samples, see Methods in
the main text for the exact definition. The abbreviation “HLC” indicate that these exponents are observed by considering
strictly central segments of the hysteresis loop and “INT” indicates integration over an extended segment of the loop (or
loop branch). H. in the legend indicates that these experiments were done by imposing the field close to the coercive value
(the corresponding symbols are empty), in contrast to field sweeping with a given rate as it is standardly done in other
experiments. The corresponding range of the theoretical exponents are highlighted in the Table SI-I as (72, as) INT—bold,
(71, @) HLC—italic, and (72, as) HLC—italic-bold fonts.
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