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Motivation

- Proton Therapy has emerged as a promising technique for cancer treatment. 
- There is uncertainty in the proton Range.
- To avoid this, proton treatment plans are designed with safety margins that don’t allow the 

maximum potential of the technique.
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- Proton Therapy has emerged as a promising technique for cancer treatment. 
- There is uncertainty in the proton Range.
- To avoid this, proton treatment plans are designed with safety margins that don’t allow the 

maximum potential of the technique.

PRIDE project (Proton Range and Imaging Device) 
Solution approaches:
 
1. Take images with protons: Direct RSP map. 
2. Verify the proton range online: Detection of scattered particles (normally gammas ) [1] [2]

[1] K.S. Ytre-Hauge, et al., Sci Rep 9, 2011 (2019)
[2] F. Hueso-Gonzalez and T. Bortfeld, IEEE Trans Radiat Plasma Med. Sci. 4, p. 170 (2020)
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Range Verification PRIDE Project

What do we want to measure?

Coaxial configuration
Scintillator crystal, with excellent neutron-gamma discrimination.



Range Verification PRIDE Project

What do we want to measure?

Thanks to the effect of the solid angle, the change in the range of the protons can 
generate a variation in the number of gamma rays detected per proton, as long as 
the number of incident protons is well known.
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[2] F. Hueso-Gonzalez and T. Bortfeld, IEEE 
Trans Radiat Plasma Med. Sci. 4, p. 170 (2020)

Coaxial configuration
Scintillator crystal, with excellent neutron-gamma discrimination.

 



Range Verification PRIDE Project

What do we want to measure?

Lateral configuration
A position-sensitive plastic scintillator; Two Double-Sided 
Silicon-Strip Detectors for the detection of lateral scattered 
neutrons and protons. 

 
 

Coaxial configuration
Scintillator crystal, with excellent neutron-gamma discrimination.
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What do we want to measure?
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Lateral configuration
A position-sensitive plastic scintillator; Two Double-Sided 
Silicon-Strip Detectors for the detection of lateral scattered 
neutrons and protons. 

 
 

Coaxial configuration
Scintillator crystal, with excellent neutron-gamma discrimination.



Experiment
PRIDE Project

● Sweep PMMA 
● Energy from 100 to 160 MeV 



Range Verification PRIDE Project

● Sweep PMMA 
● Energy from 100 to 160 MeV 

Pure LaCl3

We have used a non-commercial pure LaCl3 scintillator with excellent 
neutron-gamma discrimination, provided by our collaborators Phan Quoc 
Vuong and Hongjoo Kim from the Department of Physics at Kyungpook 
National University (South Korea).

(PSD) Pulse Shape Discrimination

35Cl(n,p)35S
35Cl(n,a)32P

 

 

 

P. Vuong, H. Kim et al., Nuclear Engineering and Technology 53, p. 3784 (2021) 

Coaxial configuration



Range Verification PRIDE Project

● Sweep PMMA 
● Energy from 100 to 160 MeV 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Lateral configuration



Preliminary Results
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Preliminary Results PRIDE ProjectCoaxial configuration

Constant    =  9.86031   +/-   0.252947    
Slope   =  0.0212279   +/-   0.00182766 

Constant    =  7.00686   +/-   0.341066    
Slope   = 0.0290337   +/-   0.00238057 

Constant   =  7.00686   +/-   0.341066    
Slope   = 0.0290337   +/-   0.00238057 



PRIDE ProjectCoaxial configuration

Energy 135 MeV

Counts Gammas 219485

Counts Protons 31787

Counts Alpha 9972

135 MeV 
Range: 

—> 115 mm (Fit gamma)
—> 116  mm (Fit (n,p))

Range (mm,NIST) = 112.8 mm

Preliminary Results



PRIDE Project

Simulation - Coaxial configuration
Preliminary Results



PRIDE Project

160 MeV

Lateral configurationPreliminary Results



PRIDE Project

100 MeV 110 MeV 120 MeV 130 MeV

Lateral configuration

X Projection 

Preliminary Results
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140 MeV 150 MeV 160 MeV

Lateral configuration

X Projection 

Preliminary Results



PRIDE ProjectPreliminary Results



PRIDE ProjectPreliminary Results



PRIDE Project

Simulation - Lateral configuration

Preliminary Results



PRIDE Monte Carlo
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Preliminary Analysis PRIDE Project

Simulation - Lateral configuration



PRIDE Project

Summary
● Preliminary results confirm the feasibility of obtaining information on the position of the Bragg peak by detecting secondary 

particles. 

 

● A clear dependence was observed between the count rate of the different components (γ, (n,p), (n,α)) and the energy of the 
proton beam. 

The exponential fits obtained allow us to define a calibration function with which the proton range can be estimated from the 
count. 

Experimental validation showed a maximum deviation of a few millimeters from the theoretical range, indicating good 
potential for the method, although further improvement in accuracy is still required through more comprehensive modeling. 

 

● Lateral reconstruction shows structure, although it requires more statistics and detector optimization. 

 

● Simulations confirm the observed trends and guide the next model adjustments. 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PRIDE Project

Proton energy (MeV) Range (mm,Nucl) Range (mm,NIST)

70 35.3 35.2
80 44.9 44.7
90 55.4 55.2

100 66.8 66.5
110 79.2 78.8
120 92.4 91.9
130 106.4 105.8
140 121.2 120.6
150 136.8 136.1
160 153.1 152.1
170 170.2 169.1
180 187.9 186.7
190 206.3 205.0
200 225.3 223.9
210 245.0
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Possible Candidates

(a) Pure (b) 0.01% (c) 0.05% (d) 0.1% Ce 
Doped LaCl3 crystals 

 

The best FOM values were estimated to be 2.5, 1.8, 0.9, and 0.8 for pure, 0.01%, 
0.05%, and 0.1% Ce-doped LaCl3 crystals, respectively.

 

Decreasing Ce concentration produces a better PSD 
discrimination.

P. Vuong, H. Kim et al., Nuclear Engineering and Technology 53, 
p. 3784 (2021) 

35Cl(n,p)35S
35Cl(n,a)32P



140 MeV run 027 150 MeV run 014

160 MeV run 009

130 MeV run 025
m = 772.61917

PRIDE Project



PRIDE Project Simulation - Lateral configuration



Rate lateral Simulations
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-Sensitivity

Distance (mm) Counts Alpha Counts total 
gammas Counts protons Counts High 

Gamma

185 256 11766 405 810
190 242 11356 386 771
195 232 10957 368 741
200 222 10652 356 718

 

PRIDE Project

Target
Detector

 

Target of 9Be

Alphas 4 MeV
HV: -1100
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(PSD) Pulse Shape Discrimination
 

 Neutron-γ discrimination !!!

 
P. Vuong, H. Kim et al., Nuclear Engineering and Technology 53, 
p. 3784 (2021) 

 

 
 

 

 


