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Methodology

Particle therapy is a viable alternative to conventional
radiotherapy for treating deep-seated tumors on account of
reduced radiation loading on the patient arising from more
targeted dose deposition by charged particles along their tracks. In
order to exploit proton therapy to the fullest, a robust quality
assurance (QA) protocol and tools for reducing range uncertainties
are essential [1]. To address the latter issue, the PRAGUE (Proton
range measurement using silicon carbide) detection system was
proposed by the medical physics group of INFN-LNS, aimed at
developing a real-time solid-state detector in a stack configuration
to measure percentage depth-dose distribution (PDDD) with µm-
spatial resolution and perform routine proton therapy QA with the
both conventional and high dose-rate beams.

Simulation

The TOPAS (TOol for PArticle Simulation) simulation toolkit [2], a
packaged and enhanced version of GEANT4 for particle simulation,
was used to create a proof-of-concept PRAGUE detection system.
The proton simulation platform was used to perform a Monte
Carlo analysis of the predicted PDDD, and the results were
experimentally verified by measurements at the Trento Proton
Therapy Center.

Experiment

To fulfill the aim of this work, an experimental campaign
composed of three measurements was performed at the Trento
Proton Therapy Center. The first measurement was devoted to
checking the SiC detectors’ response and beam quality, and this
was followed by experiments intended for range assessment using
a stack of Gafchromic EBT films. The final set of experimental
measurements was focused on dose curve reconstruction.

Positive match between simulated and measured data provides
proof-of-concept support to the application of the proposed
detection system to conventional proton therapy, paving the way
for PRAGUE to potentially become a standard in dosimetry for
clinical treatment.
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The analysis of the experimental data on Gafchromic films and
SiC detector responses illustrates widespread agreement (Fig.
3). This indication makes the PRAGUE detection system a
potential device for many applications of radiation physics, since
gafchromic films are considered as a reliable technique for
accurate dose assessment and quality checks.

Figure 2. Experimental and simulated PDDD reconstructed with the 
PRAGUE detection system

Figure 3. Experimental data for gafchromic and the PRAGUE detection 
system prototype

Figure 4. Comparison between experimental PDDD reconstructed with 
the PRAGUE detection system and  the approved dosimetric system 

In addition, the analyzed experimental data were compared with
the experimental data obtained with a multi-layer ionization
chamber placed in a water phantom, which demonstrated
disagreement in the WET range (Fig. 4). This difference could be
explained by the lack of the detailed source information and
difficulties to define correct stopping power. However, the depth-
dose profiles of the above-mentioned experimental data still
repeat the shape.

Figure 1. Schematic of simulation and experimental setup (top) and real 
image from measurement campaign (right)
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