
1.  The following optimization curves illustrate the relationships between delay time, defocus 
distance, laser energy, and integration time with intensity and signal-to-background ratio 
(SBR). So we selected the following parameters for our experiments: 1 µs for the gate delay 
time, -4 mm for the defocus distance, 40 mJ for the laser energy, and 20 µs for the integration 
time.
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Fig.S1 Optimization curves depicting the relationships between gate delay time, defocus distance, 
laser energy, and integration time with intensity and SBR.

2. Monte Carlo resampling validation of model robustness

Table S2 Monte Carlo resampling results.

Mn Cu Ni Ti Mo
mean std mean std mean std mean std mean std

R2
CV(%) 0.9978 0.0016 0.9969 0.0019 0.9738 0.012 0.993 0.0025 0.9912 0.0048

RMSEP 0.0323 0.0161 0.0048 0.003 0.0174 0.0077 0.0072 0.002 0.0067 0.0039

RMSECV 0.0296 0.0107 0.0061 0.0019 0.0197 0.0046 0.0069 0.0012 0.0085 0.0023

NRMSEstd 0.0337 0.0244 0.0418 0.0258 0.14 0.0619 0.0736 0.0244 0.0721 0.0426

NRMSErange 0.0121 0.0087 0.0141 0.0087 0.0453 0.0199 0.0227 0.0075 0.0242 0.0142

Generalization 

Gap

0.0014 0.0023 0.0021 0.0028 0.0234 0.0198 0.0041 0.004 0.005 0.0073


