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Automatic estimation methods (1/n-Power Plot and Shift-Log-Log Plot methods) are proposed to estimate the power
exponent of a spectrum following a power law and the threshold at which the power begins to increase. The 1/n-Power
Plot method is used when there is prior information on the power exponent and the inverse of the power exponent is
applied to the spectrum to linearise the increasing region and obtain the threshold. The shift-log-log plot method is used
when there is no a priori information and estimates the power exponent by a log-log plot taking into account the threshold.

These methods were used to automatically estimate the threshold and power exponent from the photoelectron emission

spectrum and the voltage-current spectrum.
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Fig. 1. PYS spectra and their manual analysis (a) Au, (b) organic semiconductor material (PTCBI: 3,4,9,10-Perylenetetracarboxylic
Bisbenzimidazole). The vertical axis is the photoelectron yield per photon to the power of 1/2, the horizontal axis is the irradiation
light energy, and the estimated line is the result of manual analysis. (color online)
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Fig. 2. Fitting results (1/n-Power Plot) for spectra calculated using the parameters (a,b,c,d)=(2,2,3,1) in equation (1) by applying the
inverse of several powers (2,3,4). (al), (a2) and (a3) are cases where the inverse of the power has been applied to the spectrum
without background correction, while (b1), (b2) and (b3) are cases where the inverse of the power has been applied after subtraction
of the background component (with background correction). R? is the coefficient of determination calculated for the entire spectrum
coefficient of determination, and R?, is the coefficient of determination calculated for regions where x is greater than the threshold

value. (color online)
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Fig. 3. Variation of shift with different backgrounds. (al) is the result when the background is 0. (a2) is the result of applying 1/3 power
to (al) for fitting. The shift corresponds to the set value. (b1) is when the background is 1, (b2) is the result of applying 1/3 power
to (b1) and fitting results. Although the intensity ratio of the background to the maximum is close to zero, the shift moves to higher
values. (c) shows the change in shift and intensity ratio as the background value is varied from 0 to 50. (color online)
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Fig. 4. 1/n-Power Plots and their fitting results for spectra with Gaussian noise (mean (p) = 0, variance (%) = 1) added to the calculated
spectra in Fig. 2. (al), (a2) and (a3) without background correction; (bl), (b2) and (b3) with background correction. Background
correction is performed by fitting without background correction and using the background parameters. (color online)
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Fig. 5. Spectra calculated for different values of shift and background and their log plot.(al) is the value of y for different threshold
values and (a2) is its log plot. (bl) is the value of y when the background is varied, and (b2) is its log plot. (color online)
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Fig.7: Results of applying the Shift Log-Log Plot algorithm to the computed spectrum. The several graphs from (al) to (a6) show the
Log-Log Plot with varying shift values and the slope evaluated as a linear function. (The search was conducted 11 times, from
which the excerpts are shown here). In the legend of the graph, shift (corresponding to parameter b), n (corresponding to parameter
¢), R? (coefficient of determination) for all regions are shown in each figure. (b) and (c) are the results of plotting the shift(threshold)
and n (power) obtained in (al) through (a6) with R’. (color online)
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Fig.8: Results of applying Shift-Log-Log Plot to the calculated spectrum in Figure 7 with Gaussian noise (mean (p) = 0, variance (¢°)
= 1). The multiple graphs in (al) through (a6) are Log-Log Plot with varying shifts, and the slopes are evaluated with a linear
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figure. (b) and (c) are the results of plotting the shift(threshold) and 7 (power) obtained in (al) through (a6) with R2. (color online)
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Fig.10: 1/n-Power Plot results for the measured spectrum in Figure 1. The 1/2 power and 1/3 power are used as candidates for the
inverse of the multiplier. No background correction was performed in the manual analysis of Figure 1. (al) is the Au spectrum with
the 1/2 power applied and (a2) is the Au spectrum with the 1/3 power applied. (b1l) and (b2) are the results of the same process
applied to the PTCBI spectrum. For Au, the coefficient of determination of the 1/2 power in graph (al) is high and the threshold
value is almost identical to the manually analysed value (5.03 eV for manual analysis versus 5.06 eV for automatic analysis). On
the other hand, for the PTCBI of organic semiconductors, the coefficient of determination of the 1/3 power in graph (b2) is high
and the threshold value in this case is almost identical to the value obtained by manual analysis (5.96 eV for manual analysis versus
5.98 eV for automatic analysis). (color online)

4.0F e e R S
Jo=1.92 n=5.12
35F Jc=(1-1/n)-Jo =1.54 Oor Filed=3T ==
Filed = 3T ® Data
30 e Data = —2r n Fitting Region
E 2.5 — nFitting Region §‘ 4t
> =
20t (@) = -6 (®)
() ()]
(= ©
£15 3 -8t
= s
L £
1.0 -10}
® °
0.5F 12} e o oo o.'.’c .
° ® o°
00 c—— | Jo 1 . o
0.0 0.5 1.0 1.5 2.0 25 -3 -2 -1 0 1
Current [A] In(Current) [A]

Fig.11: Analysis of critical current density measurement (VI measurement) spectra of superconducting materials using the conventional
method. (a) is a linear plot and (b) is a double log-log plot. The critical current density (Jo) is the value of the current density when
an electric field of 1 pV/cm is generated (electric field reference method). n value was calculated from the slope of the log plot of
current voltage in the range 1-10 pV/em. Jo=1.92, n =5.12. J. is 1.54, obtained from equation (9). (color online)
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Fig.12. Shift-Log-Log Plot analysis results. The graphs (al) through (a6) are the results of creating Log-Log Plots with different shift
values and evaluating their slopes as linear functions. (b) and (c) are the results of plotting the obtained shift (threshold) and »
(power) with the coefficient of determination (R?). The shift value (J,) is 0.78 (Jo = 1.13) and the power () is 3.2. (color online)
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