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Supplementary Note 1: Random summation analysis

To effectively eliminate instability, possibly originating from a short dwell time, we performed a
random summation analysis for Figs. 3 and 4. In this analysis, we randomly selected the number
of spectra (Nsum) from the raw dataset of spin-resolved energy distribution curves (EDCs)
measured with a dwell time (Traw_awen). We then summed the selected spectra up, resulting in ‘a’
summed spectrum, which effectively corresponds to a simulated spectrum regarded as a virtual
scan with a dwell time of Tyirt_dwell = Traw_dwell X Nsum. We iterated the number of scans (Nyirt_scan)
until satisfying an empirical stopping criterion (Nemp) of spin-resolved ARPES experiments. The
Nemp is typically determined to satisfy /. > 10*, where /. and I- represent the intensity of spin-
resolved EDCs measured with positively and negatively magnetized targets, respectively. While
the obtained dataset from this series of procedures, counted as one trial, enables performing
the analysis utilizing Gaussian process regression (GPR), we executed multiple trials to suppress
potential instability arising from the random selection of the spectra.

To assess the validity of this analysis, we applied the random selection analysis to the
dataset taken with a short dwell time (Traw_awen = 0.1), as shown in Fig. S1, where we utilized
different summation numbers (Nsum = 5 and 10, resulting in Tyirt_awen = 0.5 and 1.0, respectively)
with 100 iterations of trials. The overall behaviors of the GPR score, gains, and the mean of the
standard error of the spin-polarization are similar to those observed in the results obtained from
the GPR model analysis on the raw dataset with different Traw_awen values of 0.5 and 1.0 sec., as
shown in Fig. 2. The mean value of the critical number for Num = 5 and 10 is determined as
Ner mean =17.3 £ 1.7 and 11.1 £ 0.9, respectively, with the error represented by the mean of the
standard error. These values are quantitatively consistent with those (18 and 9) obtained from
the raw dataset with the dwell time of 0.5 and 1.0 sec., as demonstrated in Fig. 2. Accordingly,
the improved efficiency of spin-resolved ARPES experiments (Nemp/Ncr mean) is deduced as 6.9
and 5.4 for Tyirt_awen = 0.5 and 1.0, respectively, both comparable to the values of 6.7 and 6.7 for
Traw_awell = 0.5 and 1.0. An advantage of this approach is that the simulation of the number of
trials is possible, allowing for the statistical parameter evaluation. This capability is also useful
for suppressing possible instability related to intensity fluctuations, which more or less inevitably
exist in the practical measurements.
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a 1 Nsum=5 Total meas. time (sec) aZ Total meas. time (sec) a3 Total meas. time (sec)
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
12 . T . . . . 04 . . . . . :
< 03
| lg
[
8 2 3
2 3 4 g o2
& ks
— =
2
0.1
s L L 0 | | | |
60 80 100 120 0 20 40 60 80 100
Scans Scans Scans
b1 n.=s b3
100 T T 04 T T T T
Mean
80~ i 03 E
ol Median ° ° ‘. ° .
5 ° ° ° 5 02[0 0, 00 o0
z = B e __° ) 1
“roe. ‘ N méﬂh"‘:.‘ \W'O'.q
g0 FPeoe - _;__‘_
fodo o 4N
0
| I 01 l | | !
0 20 80 100 0 20 40 60 80 100
Trials Trials Trials
C1 N,_,.=10  Total meas. time (sec) C2 Total meas. time (sec) c3 Total meas. time (sec)
0 500 1000 1500 2000 2500 3000 0 1000 2000 3000 0 1000 2000 3000
12 12 . . . T . . 04 . . . : . T
10 -
< 03— =
08— — H
. ‘ S
8 2 6l 1 3 i
& 8 °¢r 202
[G] o
04 — E
A —
0.2 —
ol— L 0 1 | | | |
0 10 20 30 40 50 60 0 10 20 30 40 50
Scans Scans Scans
d1 w~.=10 d2 d3
T T T 04 T T T 04 T T T
Mean
Median 03~ T 03 B
L o4 ° LA L _|
= 5 02 ° 0. 0.. K pe So % o oo.: S e
i < ) o’ °
ey N e o R AN N
oa ‘ oS Pt .o-a:J 0
,,,,,,,,,, 0&.&9“&&_
201 1 | | | 201 | | | |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Trials Trials Trials

Fig. S1 Applications of random summation analysis. (al-a3) and (b1-b3) Evaluation of various
parameters obtained from the Gaussian process regression (GPR) model utilizing the random
summation analysis for the summation number Nqm = 5: (al) GPR score, (a2) gains (G), and (a3)
mean uncertainty of the spin polarization (APmean), and (b1) the critical number of scans (Nc), (b2)
Gerand (b3) AP, defined as G and APean at Ner, respectively. (c1-c¢3) and (d1-d3) Same as (al1-a3)
and (b1-b3) except that they are obtained by Ngm = 10.



