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A purpose of this study is to research and develop Tumor Response Observation System for
Dose-volume delivery Guided Particle Therapy (TROS-DGPT) that has GSO crystal detector
unit, gas detector unit, hybrid detector unit, signal collection and processing small circuit, image
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reconstruction algorithm, image viewer software, physical analysis tool, Monte Carlo simulation
tool, detector unit driving mechanism and system integration.

The assembling and the adjustment of all detector modules for development of GSO crystal
detector unit were completed. The detection efficiency, the position resolution and the time
resolution of the detector module were evaluated and verified. It was confirmed that those
quality was high. There was highly heating value in GSO crystal detector unit by assembling of
detector module. Therefore, ability of the cooling device was strengthened. In development of gas
detector unit, we completed the transition to the design of readout circuit developed by Kyoto
University for the gas detector unit. This design can read data directly from readout circuit
through the LAN network without using VME which is a data collection general purpose circuit.
Regarding the image reconstruction program, simulation was also used, and the construction
and evaluation of the program was started. We have studied new gas mixture of Ne+CF4which
dramatically reduces accidental backgrounds, and successfully operated the ETCC using this
gas. A new readout system using Ethernet has been developed, and we have achieved high
trigger rate of several kHz as suppressing a dead time of less 10%, which also gave us a compact
system without VME system. The strong background rejection of the ETCC was checked in the
condition of proton therapy. In development of hybrid detector unit, the integration of BOLPs
detector unit (PET) and ETCC detector unit (Compton Camera) was carried out for
measurement of various gamma rays (annihilation gamma rays and prompt gamma ray) with a
high detection efficiency and resolution. In development of signal collection and processing small
circuit, the assembling and the adjustment of signal collection and processing unit for PET
stored those circuits were completed. Also, detection program for measurement of gamma ray
was created. For downsizing of ETCC and speedup of signal processing, data acquisition system
was constructed by using Giga-bit Ethernet. And the detection dead time of ETCC decreased.
Fast reconstruction algorithm of PET and Compton image with high resolution was developed by
using MLEM method. In addition, the performance of the algorithm was reproduced by use of
data for performance evaluation calculated by Monte Carlo simulation. Also, a deep learning
function was designed and used for reconstruction method of BOLPs (PET) image. It was
developed the image viewer software that had display functions of CT image, reference dose
distribution and PET image, measured BOLPs (PET) and ETCC (Compton) image, multi flame
viewer, fusion image. The software with output data of graph and absolute value of time
depended activity in ROI was encoded for physical analysis tool. Monte Carlo simulation tool has
been developed to simulate physics interactions of particles with materials in patient body for
particle therapy. The simulation calculates isotope productions and its gamma emissions as well
as dose distribution inside a target volume. The gamma rays are scored at artificial detectors of
H-BOLP/CCs. The irradiation field is then reconstructed from those gamma rays and compared
with various distributions such as dose and isotope production. The simulation system is now
available for verification of reconstructed irradiation fields in various treatment parameters. In
development of detector unit driving mechanism and system integration, the prototype

H-BOLP/CCs was evaluated and verified in experiment with using 70-MeV proton beam. And
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the prototype H-BOLP/CCs was designed and developed for the installation on fixed beam line

port in proton therapy system.
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