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Compton imaging system with SOI and Scintillator
*Zhihong Zhong', Kenji Shimazoe', Hiroyuki Takahashi', Lan Zhang', Mizuki Uenomachi?, Ayaki Takeda®
Tokyo Univ., 2RIKEN, *Miyazaki Univ.

Abstract: In this research, an integrated system consisting of silicon-on-insulator (SOI) with scintillator array has been
studied. The system shows an excellent energy measurement capability, which leads to high quality of reconstructed
image. What’s more, the pixelized SOI sensor enables the possibility of electron-tracking technique that would further
increase the quality of Compton imaging.

Keywords: Compton imaging, SOI, Scintillator

1. Introduction

Compton scattering is the interaction that has the greatest cross-section between atoms and sub-MeV (102
keV~1MeV) photons. Compton imaging is a promising imaging technique. Without the necessity of mechanical
collimation, Compton camera is lighter in weight, and it has larger angle of detection. It has been successfully applied in
areas such as astronomy and nuclear powerplant site investigation. In our system, the SOI detector (XRPIX7) works as
scatter, providing high energy resolution. GFAG array couple with MPPC works as absorber to ensure detection efficiency.
2. Experiment and results
2-1. Energy performance

The energy performance of SOI detector and GFAG array is illustrated in figure 1 and figure 2, respectively.
On average, the SOI system has reached an energy resolution better than 9% for peaks lower than 20 keV. This result is
ideal for scatterer in the Compton camera. In the image reconstruction, only the energy deposition in scatterer is used to

compute the scattering angle.
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Fig. 1 Energy spectrum of SOI Fig. 2 Energy spectrum of MPPC Fig.3 Reconstructed Image of 3’Co

2-2. Image reconstruction

A %'Co sources is used to test the imaging capability of the system. The 122-keV gamma-ray is the target.
MLEM (Maximum Likelihood Expectation Maximization) method is used for image reconstruction. Figure 3 shows the
reconstructed image after 10 iterations. An ARM (angular resolution measure) of less than 10 degrees has been achieved.
3. Conclusion

The integrated SOI-GFAG system shows a great capability in terms of Compton imaging, thanks to the high
energy resolution of SOI detector. The next steps include improving the performance for gamma-rays with higher energy
(such as 662 keV), as well as applying the system into the Compton-PET architecture.
References
[1] Kamehama, Hiroki, et al. "A low-noise X-ray astronomical silicon-on-insulator pixel detector using a pinned depleted diode

structure." Sensors 18.1 (2018): 27.
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Abstract

Time-Of-Flight (TOF) is widely used in areas such as Positron Emission Tomography (PET).
This technique can also be applied to other imaging systems such as Compton imaging TOF
information helps to determine the interaction order on the detector. This information can improve
the image quality from Compton imaging. In this study, we build the TOF Compton detector using
GFAG Crystal and high time resolution front-end electronic circuit. In the TOF-PET system, we
have achieved 400 ps time resolution. We expect the TOF technique can be applied in the
Compton camera.
Keywords: Radiation measurement, Compton imaging, Time-of-flight, Time resolution

Introduction

Time-of-flight (TOF) technique has been used since 1980’s in Positron Emission
Tomography (PET) for medical application [1-2]. To build a TOF system combination of fast decay
crystal with high density, fast photomultiplier, high time resolution front-end electronic is needed.
We applied the TOF into the Compton camera to improve the imaging quality. The TOF
information can helps to determine the interaction order on the detector. The aim of the present
experimental studies is to examine the feasibility of using TOF measurement for Compton imaging
and this result can be used for three-dimensional images in future experiments.

Compton detector experiment

An Application-Specific Integrated Circuit (ASIC) with 64 input/output is used to process
the analog signal from the Multi-Pixel Photon Counter to the digital signal using the time over
threshold method. A 2.5 x 2.5 x 5 mm 64 array Gadolinium Fine Aluminium Garnet (GFAG: Ce)
crystal is used for the scintillator. GFAG is chosen because it has a fast decay time and high-
density properties. It reported the GFAG crystal couple with 64 Ch MPPC array S13361-3050
from Hamamatsu can provide energy
resolution of 622 keV energy from 137Cs
source and 511 keV energy ?Na are
consecutive 5.5% and 6.5%.

The Compton imaging experiment
results are shown in Fig 1. The image
reconstruction using the MLEM method. The

spatial resolution from the reconstruction
image is 8.6 mm. Fig. 1 Image reconstruction using MLEM method

Reference
[1] Y Nakamura et al. 2016 Phys. Med. Biol. 61 5837
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Random and scatter noise reduction in PET imaging using entangled annihilation gamma
photons with Compton PET pixel detectors
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!The University of Tokyo.

Abstract

Random and scatter correction is important to quantitative PET imaging. There are many techniques including dual
window method, scatter simulation method, delayed coincidence, estimation from singles, etc. for random and scatter
reduction. In this study, entanglement characteristics of annihilation photons is used to reduce random and scatter.

Keywords: PET, Random Correction, Scatter Correction.

1. Introduction

Reduction of random and scatter events contributing to the background on the reconstructed image is important
in PET imaging. Two gamma rays from annihilation of para-positronium containing anti-parallel spins are entangled and
have orthogonal linear polarization. The orthogonal linear polarization in two correlated photons results in the difference
between azimuthal scattering angles of two photons tend to be 90°. Its correlation shows larger amplitude at polar
scattering angle near 81°. When two photons are not originated from the same annihilation event, which means the photons
have no correlation, photons will show no preferred azimuthal angle difference. If one photon is scattered before reaching
detectors, the correlation becomes much less or none. [1] In the experiment we take coincidence events from double
Compton scattering whose azimuthal angle difference is near 90° to get larger proportion of true signals with reduced
random and scatter events.
2. Methods

Experiment was conducted to characterize the distribution of azimuthal angle differences in double Compton
scattering events with pixelated Ce:GAGG-SiPM detectors forming Compton PET scanner. Octagon shaped 8 arrays were
used for the experiment. Figure 1 shows the experimental setup and schematic diagram of experiment. Measured
azimuthal angle indicates strong difference intensity at around 90° and low intensity at 0° and 180° as expected from the
theory. These correlations can be applied to the reduction of scatter and random coincidence events and the improvement

in PET imaging will be reported.

,

79.3 mm

Figure 1 Photo of experiment setup and its schematic diagrams.
References
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Simultaneous diagnostic and therapeutic radionuclides imaging with Compton-PET hybrid camera
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