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We have developed a mathematical automatic estimation algorithm for deriving the ionization potential from
photoelectron yield spectroscopy (PYS). The residuals between the regression line and the data obtained by the Fowler
model were calculated by the mean absolute error (MAE) and the mean square root error (RMSE). The analytical range
that the Fowler model can be applied is estimated by using the ratio of RMSE/MAE. The estimation was performed by
this algorithm using the 87 verification datasets. The correct answer rate was improved to 79% than the conventional
fitting (least square method) rate of less than 50%.
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Fig.1: Representative spectra and their estimation results (Fit_lsq, Fit _lab and Fit_ar) in the difference from the label. Fit 1sq: RMSE
loss function, Fit_lab: MAE loss function, Fit_ar: analysis range reduction algorithm. The material name and the light irradiation
intensity are shown in the title of the graph. The arrows in each graph indicate the energy values estimated by each model (the order
of the arrows from the shortest to the longest is label, Fit_Isq, Fit lab and Fit_ar). (color online)
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Table 1. A summary of the difference between label and estimation. Machine learning results (GB and RF) are also shown for
comparison. The verification data measured by AC-3 instrument manufactured by Riken Keiki Co. are 87 datasets (Au: 31, Metals

except for Au:16, oxide - semiconductor: 15, organic: 25).

Difference between label and estimation

Model dS+0.1 | +0.1<dS$02 | +0.2<d<+0.3 | +0.3<d=+04 | +0.4<d=+05 | d>+05 | d=+0.3 (%)
Fit_Isq 28 11 2 5 2 39 | 47.1% (41/87)
Fit_lab 50 12 3 6 7 9 74.7% (65/87)
Fit_ar 50 13 6 5 7 6 79.3% (69/87)
GB 45 25 8 6 2 1 89.6% (78/87)
RF 53 13 5 8 5 3 81.6% (71/87)
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