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Experimental LET characterization with Minipix
Timepix3 for quality assurance in proton therapy
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Purpose
As proton therapy is increasingly more popular around the world, there is a push towards advancement in
quality assurance and control procedures that would include radiation quality besides standard physical dose
verification. The spectrum of linear energy transfer (LET) of protons can provide comprehensive information
on radiation quality in a given voxel. The spectral information and tracking response provided by Timepix
detector technology allow for experimental high-resolution LET characterization of single protons [1] in com-
plex and mixed radiation fields. In this work, we applied a Timepix3 detector to characterize proton LET
spectra in mixed radiation fields produced in a water-equivalent phantom by clinical proton beams.

Methods
The spectral-sensitive particle tracking technique and the artificial neural network-based particle identifica-
tion model allow for the experimental characterization of LET for single protons in mixed radiation fields [2,
3]. Here, we used a Minipix Timepix3 detector in Flex configuration (figure 1a) with a 300 μm silicon sensor
calibrated with customized DAC settings and operated in data-driven mode. We performed measurements for
a homogenous layer irradiated with a 164.6 MeV proton beam behind a solid RW3 phantom (figure 1a) with
the detector sensor positioned in the middle of the layer at 45° to the beam direction (figure 1b). We com-
pared deposited energy and LET spectra obtained based on measurements and Monte Carlo (MC) simulations
performed with fast, GPU-accelerated FRED MC code [4] and implemented beam model [5].

Results
An accuracy of over 95% was obtained for proton recognition, and a broad spectrum of LET values was ob-
served from a fraction of keV/μm to about ten keV/μm in mixed radiation fields produced by proton beam in
water [1, 2]. A good agreement was obtained between measurement and simulation results for both deposited
energy and proton LET spectra, as presented in figure 1 c and d, respectively.
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Figure 1. Measurement setup at CCB IFJ PAN consisting of a solid RW3 phantom with a Minipix Timepix3
Flex detector (a). Calculated (MC simulation) relative dose distribution for a homogenous layer irradiated
with a 164.6 MeV proton beam with marked sensor position (b). Comparison of the proton energy deposition
(c) and LET spectra (d) for measurements (blue) and simulations (orange).

Conclusions
Experimental characterization of LET spectra within the clinical setting of proton therapy is needed for quality
assurance and control of treatment plans that are optimized with both dose and LET.The Timepix detector pro-
vides a unique possibility of tracking individual particles in mixed radiation fields and characterizing proton
LET spectra at a given point. The presented approach provides experimental solutions for LET characteriza-
tion to support advancement in proton therapy treatment planning.
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