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Figure S1 Maps of the first pop-in load, PI, obtained from AH [(a) and (b)] and Aged 

CoCrFeMnNi samples [(c) and (d)]. (a) and (c) are for Ri = 0.5 μm, and (b) and (d) are 

for Ri = 12.7 μm. The interspacing between indents is 25 μm, and the average grain size 

of both sample are ~ 50 μm. In the maps, there is no significant grain orientation effect 

on the PI and hence the possible orientation effect could be neglected in this study. 
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Figure S2 The representative load-displacement curves showing first pop-in in 

CoCrFeNi samples at Ri = 0.5 μm [(a) and (b)] and Ri = 12.7 μm [(c) and (d)]. (a) and 

(c) are for AH samples, while (b) and (d) are for Aged samples. 

  



 

Figure S3 The plots of ln[−ln(1− F)] vs. τmax at Ri = 0.5 μm [(a) and (b)] and Ri = 12.7 

μm [(c) and (d)]. (a) and (c) are for CoCrFeNi, while (b) and (d) are for CoCrFeMnNi. 

Nearly all the curves show a non-linear feature. 

  



 

Figure S4 The examples of deconvolution results by log-normal distribution in 

CoCrFeMnNi samples at Ri = 0.5 μm [(a) and (b)] and Ri = 12.7 μm [(c) and (d)]. (a) 

and (c) are for AH samples, while (b) and (d) are for Aged samples. 
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Figure S5 Examples taken to show how to cut off the tails of ln[−ln(1− F)] vs. τmax plot 

(the deconvoluted peak 2 of AH CoCrFeMnNi sample for Ri = 12.7 μm). In Fig. S4(a), 

the ln[−ln(1− F)] vs. τmax relation of deconvoluted peak follows a Gaussian distribution. 

Obviously it is not linear. But by closely comparing the curve in Fig. S4(a) with the 

cumulative distribution in Fig. S4(b), we found that the upper and lower tails only 

occupy very small fractions (in Fig. S4(a)) yet dictate the curvature shape in Fig. S4(b). 



Note that most prior studies applying the same method for estimating activation volume 

also used only the data where ln[-ln(1-F)] value falls in the range between -2 and 1 (e.g. 

see Refs. [1–4]). 

To cut off the tails, here we modified the “six sigma” or “6σ” (σ: standard 

deviation) method that is widely used in engineering as a data-driven process 

improvement. The application of 6σ in Gaussian distribution relies on the specific 

characteristics of it: About 68% of values drawn from a Gaussian distribution are within 

one σ away from the mean value, μ; about 95% of the values lie within two σ; and about 

99.7% are within three σ. Here we revised it and used a “2σ rule” such that only the 

data between μ–σ and μ+σ are considered whereas the rest of the data were abandoned. 

In Fig. S4, it can be seen that ~68% of the data based on the “2σ rule” can well 

represents the major trend of the data and also results in the ln[-ln(1-F)] values falling 

in between -2 and 1. Therefore, our methodology can be considered reasonable and was 

applied in the paper. 

  



 

Figure S6 The examples of the plots of ln[−ln(1− F)] vs. τmax relation for for Ri = 0.5 

μm in CoCrFeNi [(a) and (b)] and CoCrFeMnNi samples [(c) and (d)]. (a) and (c) are 

for AH samples, while (b) and (d) are for Aged samples. 

  



Maximum likelihood estimation (MLE) 

If 𝜓𝜓 and 𝜆𝜆 are subspaces of 𝜃𝜃, such that, 𝜓𝜓 ∪ 𝜆𝜆 = 𝜃𝜃, the profile likelihood of 𝜓𝜓, 

𝐿𝐿𝑝𝑝(𝜓𝜓) , is defined from the following. (i) Two functions 𝐿𝐿𝜓𝜓(𝜆𝜆) = 𝐿𝐿(𝜆𝜆|𝜓𝜓)  and 

𝐿𝐿𝜆𝜆(𝜓𝜓) = 𝐿𝐿(𝜓𝜓|𝜆𝜆), are defined as the likelihood functions, where one parameter is held 

fixed while the other is varied. (ii) �̂�𝜆𝜓𝜓  is defined as the value of 𝜆𝜆 at which the 

function 𝐿𝐿𝜓𝜓(𝜆𝜆)  attains a global maximum, i.e., �̂�𝜆𝜓𝜓 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝜆𝜆𝐿𝐿𝜓𝜓(𝜆𝜆) . Then, the 

profile likelihood 𝐿𝐿𝑝𝑝(𝜓𝜓) is 𝐿𝐿𝜆𝜆�𝜓𝜓(𝜓𝜓). From this, 𝜃𝜃� is deduced as follows. Let 𝜓𝜓� be 

the parameter 𝜓𝜓 for which the profile likelihood 𝐿𝐿𝑝𝑝(𝜓𝜓) attains a global maximum. 

Then 𝜃𝜃� = 𝜓𝜓� ∪ �̂�𝜆𝜓𝜓� . 

For normal (Gaussian) and log-normal distributions, the probability density 

functions (PDFs), f(x), are given as: 

 𝑓𝑓(𝑎𝑎) = 1
𝜎𝜎√2𝜋𝜋

 exp �− (𝑥𝑥−𝜇𝜇)2
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where µ and σ are mean and standard deviation. The closed form solutions of MLEs 

for Gaussian and Lognormal distributions are as follows. 

(1) MLE for normal distribution: 

 �̂�𝜇 = 1
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(2) MLE for log-normal distribution: 
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in which n is the sample size. 
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