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Solutions approaches:

1. Take images with protons: Direct RSP map [1]

2. Verify the proton range online: Detection of scattered particles (normally 𝛾) [2]

- 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.

[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)



PRIDE project (Proton Range and 
Imaging Device)

We aim at the integration of a proton tomography (pCT) scanner and a 
range verification detector for proton therapy (pRV) within the same 
device.

- A position-sensitive plastic scintillator 
that acts as n-p converter; Two Double-
Sided Silicon-Strip Detectors for the 
detection of lateral scattered neutrons 
and protons. [1]

- Scintillator crystal, with excellent 
neutron-gamma discrimination, in coaxial 
configuration [2]
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[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)

Amanda Nerio – IEM group



What do we want to measure? 

Proton 
Beam

Tissue atom

Secondary Particles

Prompt 
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𝜸 𝜸

𝜸

𝜸

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.

Ω

𝑥
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F. Hueso-Gonzalez and T. Bortfeld, IEEE Trans Radiat Plasma Med.

Sci. 4, p. 170 (2020)

Fernando Hueso will provide a more in-depth explanation 
of the method later today.



What do we want to measure? 

Why γ-rays and neutrons?

We want to follow the same approach but making use of the 
simultaneous detection of γ-rays and neutrons.

Independent measurements and lower neutron background
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Therefore, we need a scintillating crystal, in coaxial configuration,
with a good Pulse-ShapeDiscrimination (PSD) of γ-rays and neutrons.



(PSD) Pulse Shape Discrimination

𝑷𝑺𝑫 =
𝑄𝐿𝐺 − 𝑄𝑆𝐺

𝑄𝐿𝑔
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Neutron-γ discrimination !!!

𝐹𝑂𝑀 > 1.5

P. Vuong, H. Kim et al., Nuclear Engineering and Technology 53, 

p. 3784 (2021) 

𝜸 − rays

𝜶 particles
𝑝𝑟𝑜𝑡𝑜𝑛𝑠

𝑸𝑳𝑮 𝑐ℎ𝑎𝑟𝑔𝑒 𝑎𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒 𝑖𝑛 𝐿𝑜𝑛𝑔 𝐺𝑎𝑡𝑒

𝑸𝑺𝑮 𝑐ℎ𝑎𝑟𝑔𝑒 𝑎𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒 𝑖𝑛 𝑆ℎ𝑜𝑟𝑡 𝐺𝑎𝑡𝑒



Possible Candidates

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

• 𝐂𝐋𝐘𝐂 𝐶𝑠2 𝐿𝑖 𝑌 𝐶𝑙6: 𝐶𝑒

• 𝑳𝒂𝑪𝒍𝟑: 𝑪𝒆

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.
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Whit a good PSD capability neutron-𝜸 but cannot discriminate the 
reaction products within the crystal. It’s better for slow neutrons

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



Pure LaCl3

Truncated conical shape.
- 16 mm high.
- 16 mm smallest diameter.
- 22.5 mm largest diameter

Density 3.84 g/cm3
Light yield 34000 photons/MeV 

Resolution 4.0% FWHM a 662 keV
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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).

P. Vuong, H. Kim et al., Nuclear Engineering and Technology 53, p. 

3784 (2021) 



Setup

Target of 9Be

Alphas 4 MeV

HV: -1100

PMT: R1924-100 Hamamatsu

Long gate: 16 us

Short gate: 0.4 us
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Target of CsI
Proton Beam 10 MeV Target

Detector

𝑱𝒖𝒏𝒆 𝟐𝟎𝟐𝟑

𝑥
Distances: 185, 190, 195, 200 mm
Time: 600 s

𝑝 + .
127𝐼 → .

127𝑋𝑒 + 𝑛

𝑎 + .
9𝐵𝑒 → .

12𝐶 + 𝑛



Preliminary 
Analysis 
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Feb - 2023

Certain factors directly affected the outcomes. Specifically, the instability in 
beam intensity during the measurements and the need to turn the beam on and 
off to reposition the target significantly impacted the results.



Jun 2023
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PSD
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-PSD

35Cl(n,p)35S

35Cl(n,a)32P

𝜸 − 𝐫𝐚𝐲𝐬



Distance
(mm) FOM (𝜸,𝜶) FOM (𝜸,p) FOM (p,a)

185 2.60 0.75 1.15

190 2.52 0.76 1.13

195 2.61 0.74 1.13

200 2.57 0.74 1.12
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-FOM

𝜶 particles

𝜸 rays

𝑝𝑟𝑜𝑡𝑜𝑛𝑠



-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
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Ω

4𝜋
=
𝑝0

2
∙ 1 −

𝑥

𝑥2 + 𝑟2
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-Simulation results

𝜸 𝐫𝐚𝐲𝐬 𝑵𝒆𝒖𝒕𝒓𝒐𝒏𝒔



Summary
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Pure LaCl3 is a good candidate for gamma and neutron discrimination, it presents a 
good PSD capacity, practical for neutron spectroscopy.

As a first sensitivity test, it presents encouraging results in the adjustment to the 
theoretical model, however, it is a measure that does not have the realistic 
conditions of a proton therapy facility.

The PRIDE project will carry out the first scope verification test. A measurement 
is planned at the Krakow CCB facility, with different basic phantoms, changing the 
beam energies between 80 - 125 MeV and so that the Bragg peak moves between 5 
and 10 cm in 20 steps of 2.5 mm. With this measurement we plan to test the range-
verification capabilities of our coaxial LaCl3 detector and the pixelated plastic + 
DSSD tracker.



Carolina Fonseca

Contact us

carolina.fonseca@ific.uv.es

enrique.nacher@ific.uv.es
Enrique Nacher
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Backup 





Resolution CMAM – Jun 2023
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Calibration

Na22 - Eu152
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(FOM) Figure Of Merit

Parameter that shows the separation 
power between alpha and gamma 
signals.
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[Vuong2021] 

[Vuong2021] 

𝜸 − rays

𝜶 particles



Reactions target 9Be Alphas 4 MeV



Workshop  on Technologies & applied research at the future Valencian Proton-

Therapy facility

Valencia-Spain

(February 21-23)

PSD background – CMAM Jun 2023 



PSD CLYC – Test IFIC



PSD CMAM – Feb 2023
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