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ARNON SONGMOOLNAK : DEVELOPMENT OF MONOLITHIC ACTIVE PIXEL SEN-
SORS (MAPS) DETECTOR FOR APPLICATIONS IN PROTON COMPUTED TOMOG-
RAPHY. THESIS ADVISOR : ASST. PROF. CHINORAT KOBDAJ, Ph.D. 105 PP.
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Proton computed tomography (pCT) is a three-dimensional medical imaging
device used for diagnosing patients prior to proton therapy. Accurate tracking of pro-
ton paths and measuring their energy are crucial for reconstructing detailed diagnostic
images. In this work, the Gate software, which is the Monte Carlo (MC) simulation and
built from the GEANT4 toolkit, was used to model the telescope simulation and achieve
the experimental construction. The correctness of reconstructed tracks in the simula-
tion is decreased by increasing number of primaries. So, the simulation suggests that a
low-intensity particle source is suitable for a pCT experiment. However, proton beam
therapy, which delivers a precise beam of protons to destroy tumor cells, typically
operates at a beam rate of around 10° protons/s. For identifying proton tracks from
this pencil beam, the readout system of a proton detector must be fast enough to
distinguish proton hit signals because of high beam rate. In this experiment, a field-
programmable gate array (FPGA) trigger generated 9.5 kHz of trigger frequency to the
telescope through the first data acquisition (DAQ) board. The proton beam scanning
(PBS) from the ProBeam™ system at King Chulalongkorn Memorial Hospital (KCMH) in
Bangkok, Thailand, served as the proton source, and an acrylic collimator was used to
reduce the number of protons in the treatment beam. Background and noise were mea-
sured in the dark test for noise removal in detected signal. Track analysis was done on
activated pixels within a 2-sigma area of a Gaussian beam model to find possible tracks
in the apertured part. The study investigated the lowest treatment beam at 70 MeV and
the transmission beam for pCT imaging at 200 MeV. In both cases, approximately 70%
of the tracks were successfully completed. The experimental reconstruction results
demonstrate the feasibility of developing the monolithic active pixel sensor (MAPS)

telescope as a pCT prototype.
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