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Supplementary Figure 1. Comparison of energy spectra of 79.7-MeV scanned proton 

beam with the jig and at equivalent depths without the jig shows that the spectra were 

not perceptibly altered by scattering from the steps of the jig. Symbols depict energy 

spectra at the sample positions in the wells for three of the columns (2, 5 and 9) with the 

jig (plus 3 EBT3 films) in place. The solid lines represent the spectra in the absence of 

the jig at the equivalent depths in a homogeneous phantom. The differences are 

negligible, with mean energy shifts with and without the jig being +0.2 MeV, +0.2 MeV, 

and +0.4 MeV in the three columns. 
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Supplementary Figure 2. The effect of uncertainties estimated via sensitivity analysis 

on energy spectra. Solid lines represent the energy spectra obtained using the nominal 

setup of the experimental devices; dashed lines represent the energy spectra obtained 

with the lowest estimate of uncertainty; and dotted lines represent the energy spectra 

obtained with the highest estimate. Although the profiles of the energy spectra are 

maintained in the face of uncertainties, small mean energy shifts were observed as 

expected. 
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Supplementary Table 1. 95% confidence intervals for α and β fit parameters. 

 
 
 
 
 

Supplementary Table 2. Parameters for uncertainty analysis.  
 

 Lower range  Nominal values Upper range  

Jig step thickness 
(µm) -5 designed values +5 

EBT3 film 
thickness (µm) -1 268 +1 

Well bottom 
thickness (µm) -15 1240 +15 

Well plate material 
polystyrene 

density (g/cm3) 
-0.01 1.09 +0.01 

 
 
 
 
 
 
 
 
 
 
 

Cell line: H460 H1437 
LET [keV/µm] α β α β 

0.9 0.239, 0.297 0.0829, 0.112 0.0, 0.173 0.0, 0.0655 
1.2 0.199, 0.252 0.0996, 0.124 0.0590, 0.212 0.0, 0.0446 
1.6 0.126, 0.176 0.123, 0.146 0.0253, 0.108 0.0152, 0.0382 
1.8 0.124, 0.175 0.122, 0.147 0.0198, 0.0983 0.0272, 0.0481 
1.9 0.139, 0.193 0.121, 0.148 0.0562, 0.131 0.0213, 0.0403 
2.3 0.106, 0.169 0.129, 0.162 0.0617, 0.131 0.0235, 0.0398 
3.0 0.172, 0.240 0.110, 0.141 0.0683, 0.153 0.0229, 0.0441 
5.1 0.0796, 0.155 0.144, 0.175 0.0, 0.0840 0.0400, 0.0646 

10.8 0.273, 0.363 0.136, 0.171 0.0537, 0.184 0.0385, 0.0705 
15.2 0.380, 0.513 0.302, 0.379 0.0959, 0.265 0.0677, 0.121 
17.7 0.512, 0.680 0.595, 0.729 0.211, 0.445 0.0976, 0.200 
19.0 0.776, 0.989 0.842, 1.07 0.220, 0.500 0.186, 0.357 

Photons(137Cs) 0.259, 0.322 0.0757, 0.0912 0.0273, 0.0723 0.0364, 0.0450 
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Supplementary Table 3. Average relative uncertainty bounds (%) for dose and LET.  
 

Column # Dose LET 
1 ±0.3% ±0.1% 
2 ±0.4% ±0.9% 
3 ±0.6% ±0.3% 
4 ±0.3% ±0.3% 
5 ±0.2% ±0.0% 
6 ±0.3% ±0.4% 
7 ±0.6% ±0.5% 
8 ±1.2% ±1.2% 
9 ±0.0% ±2.3% 

10 ±3.5% ±1.3% 
11 ±6.7% ±1.1% 
12 ±8.6% ±2.4% 

 
 


